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COMBINATION THERAPY FOR PROPHYLAXIS AND/OR TREATMENT 
OF BENIGN PROSTATIC HYPERPLASIA 



BACKGBOmn) OF TEE 2BVEHTI0H 
This invention relates to a method of prophylaxis and/or treatment 
of benign prostatic hyperplasia (BPH) in susceptible varm-blooded animals 
including man and in particular to a combination therspy involving 
administering a combination of drugs vbich inhibit sex steroid (androgens 
and estrogens) activity by blocking their formation and/or by blocking 
receptors where they act. 

The role of androgens in the development of benign prostatic hyper- 
plasia in men is veil documented (Wilson. H. Engl. J. Med. 317: 628-629, 
1987). to fact, benign prostatic hyperplasia does not - develop in -the 
absence of the testes (referred to in Hendel et al.. J. Urol. i 08 : 
116-119, 1972). 

Blockade of testicular androgen secretion by surgical or medical 
(URH agonist) castration is knovn to decrease prostatic size (Auclair et 
al.. Biochem. Biophys. Res. Common. 76: 855-862. 1977$ Auclair et al. 
Endocrinology 101: 1890-1893. 1977; iabri* et al., tot. J. Andrology] 
«PPl. 2 (V. Hansson. ed.). Scriptor Publisher APR, pp. 303-318, 197si 
Labrie et al.. J. Andrology 1: 209-228. 1980; Trembley and Belanger' 
Contraception 30: 483-497. 1984; Tremblay et al.. Contraception 30: 585- 
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598, 1984; Dub6 et al.. Acta Endocrinol. (Copenh) 116: 413-417, 1987; 
Lacoste et al.. Hoi. Cell. Endocrinol. 56: 141-147, 1988? White, Ann. 
Surg. 22: 1-80, 1895; Faure et al., Fertil. Steril. 37: 416-424, 1982; 
Labrie et al.. Endocrine Reviews 7: 67-74, 1986; Huggins and Stevens, J. 
Drol. 43 : 705-714, 1940; Wendel et al., J. Urol. 108: 116-119, 1972; 
Peters and Walsh, H. Engl. J. Med. 317: 599-604, 1987; Gabrilove et al., 
J. Clin. Endocrinol. Metab. 64: 1331-1333, 1987). 

Several studies have shewn that treatment with an antiandrogen also 
decreases prostatic size (Neri et al.. Endocrinology, 82: 311-317, 1968; 
Neri et al.. Investigative Urology, 10: 123-130, 1972; Tunn et al.. Acta 
Endocrinol. (Copenh.) 91: 373-384, 1979; Seguin et al., Hoi. Cell. Endo- 
crinol., 21: 37-41, 1981; Lefebvre et al.. The Prostata 3: 569-578, 1982; 
harchetti and Labrie, J. Steroid Biochem, 29: 691-698, 1988; Lacoste et 
al., HOI. Cell. Endocrinol. 56: 141-147, 1988; Tunn et al., Invest. Urol. 
18: 289-292, 1980; Scott and Wade, J. Urol. 101: 81-85. 1969; Caine et 

... - ^ 

al., J. Urol. 114: 564-568, 1975; Stone et al.. J. Urol. 141: 240A, 1989; 
Clojan et al., J.' Urol. 141: 534A, 1989). 

U.S. Pat. No. 3,423,507 discloses the use of the antiandrogen cy- 
proterone acetate (lu,2o-nethylene-6-chlcro-17a-acetci^6-dehydroproges- 
terone) for the treatment of benign prostatic hyperplasia. The above- 
mentioned U.S. Pat. Ho. 3423507 is disadvantageous since such compound 
(cyproterone acetate) has same androgenic activity (Poyet and Labrie, 
Hoi. Cell. Endocrinol. 32: 283-288, 1985; Labrie et al., J. Steroid 
Biochem. 28: 379-384, 1987) and, consequently, only a partial inhib ition 
of androgen action is expected. Pure antiandrogens (U.S. Pat. No. 
4,329,364) used alone, on the other hand, cause an increase in testoste- 
rone secretion, which can result in a higher degree of aromatization into 
estrogens* a situation expected from current knowledge to have negative 
effects on prostatic hyperplasia (Jacobi et al.. Endocrinology 102: 
1748-1755, 1978). 
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Several studies have shown that treatment with the combination of 
chemical castration (LHRH agonist) and an antiandrogen cause greater 
inhibition of prostatic size than either treatment used alone (Seguin et 
al., Hoi. Cell. Endocrinol. 21: 37-41, 1981; Lefebvre et al. , The Pros- 
tate 3: 569-578, 1982; Marchetti and Labrie. J. Steroid Biochem. 29: 
691-698, 1988. 

In the prostate as well as in many other tissues, testosterone is 
irreversibly converted by 5a-reductase into the more potent androgen 
dihydrotestosterone (Bruchovsky and Wilson. J. Biol. Chem. 243: 2012- 
2021, 1968; Wilson, handbook of Physiology 5 (section 7), pp. 491-508, 
1975). Inhibitors of 5a-reductase have been found to inhibit prostatic 
growth (Brooks et ml. ,. Endocrinology 109: 830, 1981: Brooks et al., Proc. 
Soc. Exp. Biol. Med. 169: 67, 1982; Brooks et al.. Prostate 3: 35, 1982; 
Wenderoth et al., Endocrinology 113, 569-573, 1983; McConnell et al., J. 
Urol. 141: 239A, 1989); Stoner, E. , Lecture on the role of 5a-reductase 
inhibitor in benign prostatic hypertropy, 84th AUA Annual Meeting, 
Dallas, May 8th, 1989. 

The inhibitory effect of the 5a-reductase inhibitor Merck L 652,931 
on prostatic and seminal vesicle development in the prepubertal rat was 
described in Proc. 71st Annual Meeting of Endocr. Soc. abst. 9 1165, p. 
314, 1989. The inhibitory effect of MK-906 on dihydrotestosterone forma- 
tion in men has been described in men by Gormley et al., in Proc. 71st 
Annual Meeting of Endocr. Soc. abst. 0 1225. p. 329, 1989; Imperato- 
McGinley et al., in Proc. 71st Annual Meeting of Endocr. Soc, abst. 
01639, p. 432, 1989; Geller and Franson, in Proc. 71st Annual Meeting of 
Endocr. Soc, abst. $1640. p. 432, 1989 and Tenover et al.. in Proc 
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71st Annual Meeting of Endocr. Soc. , abst. £583, p. 169, 1989. The 
activity cf the 5a-rediictase inhibitors N,N-diethyl-4-methyl-3-oxo-4-aza- 
5a-andros tane- 170-carboxamide ( 4-MA) and 6-methylene-4-pregnene-3 , 20- 
dione (LY 207320) has' been described by Toomey et al. . Proc. 71st Annual 
Meeting of Endocr. Soc. t abst. 01226, p. 329 t 1989. 

In addition to the veil known effect of androgens on prostatic 
growth, there are many studies which show that estrogens play also a role 
in proliferation of the prostate (Walsh and Wilson, J. Clin. Invest. 57: 
1093-1097, 1976; Robinette et al. f Invest. Urol. 15: 425-432, 1978; Moore 
et al. f J. Clin. Irfvest. 63: 351-257, 1979). Moreover, estrogens have 
been shown to enhance androgen-induced prostatic growth in the dog (Walsh 
and Wilson, J. Clin. Invest. 57: 1093-1097, 1976; Jacobi etal., Endocri- 
nology 102: 1748-1755, 1978; Tunn et al. f Urol. Int. 35: 125-140, 
1980). A possible explanation of this enhancing effect of estrogen on 
androgen-induced prostate growth, is the observation that 17p-estradiol 
has been shown to increase androgen binding in the dog prostate (Moore et 
al., J. Clin. Invest. 63: 351-357, 1979). 

The antiestrogen Tamoxifen has been shown to improve steroid-induced 
benign prostatic hyperplasia in the dog (Funke et al. f Acta Endocrinol. 
100: 462-472, 1982). Administration of the antiestrogen Tamoxifen in 
association with the steroidal antiandrogen cyproterone acetate in 
patients suffering from benign prostatic hyperplasia shoved beneficial 
effects on the symptoms of the disease (Di Silverio et al., in Ipertrofia 
Prostatica Benigna (F. Di Silverio, F. Neumann and M. Tazmenbaum, eds) . 
Exeerpta Medica, pp. 117-125, 1986). In U.S. Pat. No. 4,310.523, it is 
proposed that a c om bination of an antiandrogen and an antiestrogen is 



SUBSTITUTE SHEET 



WO 91/00731 PCT/CA90/00210 

5 

effective for the prophylaxis and/or therapy of benign prostatic hyper- 
plasia. Tamoxifen, however, has intrinsic estrogenic activity vhich 
limits its effectiveness. 

Estrogen formation resulting from aromatization of androgens, occurs 
at several sites. In the male, aromatization of androgens has been 
demonstrated in the testis, adipose and muscle tissue, skin, liver, brain 
and prostate (Schveikert et al.. J. Clin. Endocrinol. Metab. AO: 413-417, 
1975; Folker and James. J. Steroid Biochem. 49: 687-690, 1983; Longcope 
et al., J. Clin. Endocrinol. Metab. 46: 146-152, 1978; Lacoste and 
Labrie, unpublished "data ; Stone et al., The Prostate 9: 311-318, 1986; 
Stone et al., Urol. Res. 15: 165-167, 1987). There is evidence for an 
increased production . of estrogens in the prostatic tissue of benign 
prostatic hyperplasia patients (Stone et al.. The Prostate 9: 311-318, 
1986) . Such data indicate that the local formation of estrogens may play 
a crucial role in stimulating prostatic growth* in excess of the action 
predicted by circulating estrogens. 

U.S. Pat No. 4,472,382 discloses treatment of BPH with an antiandro- 
gen and certain peptides which act as LH-RH agonists. 

U.S. Pat No. 4,596,797 discloses aromatase inhibitors as a method of 
prophylaxis and/or treatment of prostatic hyperplasia. 

U.S. Pat. No. 4,760.053 describes a treatment of certain cancers 
which combines an LHRH agonist with an antiandrogen and/or an anties- 
trogen and/or at least one inhibitor of sex steroid biosynthesis. 
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U.S. Pat. No. 4,775,660 discloses a method of treating breast cancer 
vith a combination therapy which may include surgical or chemical pre- 
vention of ovarian secretions and administering an antiandrogen and an 
antiestrogen. 

U.S. Pat. No. 4, 659 , 695 discloses a method of treatment of prostate 
cancer in susceptible male animals including humans whose testicular 
hormonal secretions are blocked by surgical or chemical means, e.g. by 
use of an LHRH agonist, which comprises administering an antiandrogen, 
e.g. flutamide, in association with at least one inhibitor of sex steroid 
biosynthesis, e.g. aadftoglutethimide and/or ketoconazole. 

BEH is caused by increased activity of both androgens and estrogens. 
Because of such a dual etiology of BPH. proposed hormonal therapies have 
been less than satisfactory and have all been unpredictable vhile, 
frequently, causing unacceptable side-effects. Moreover, the prior art 
treatment seldomly resulted in a decrease in prostatic volume above about 
20 to 30X with inconsistent effects on the symptomatology (Scott and 
Hade, J. Urol. 101: 81-85, 1969; Caine et al., J. Urol. 114: 564-568, 
1975; Peters and Walsh, Hev Engl. J. Med. 317: 599-604, 1987; Gabrilove 
et al., J. Clin. Endocrinol. Metab. 64: 1331-1333, 1987; Stone et al., 
J. Urol. 141: 240A, 1989; Clejan et al., J. Urol. 141: 534A. 1989; 
Stoner, E. , Lecture on the role of 5o-reductase inhibitor in benign 
prostatic hypertrophy, 84th AUA Annual Meeting, Dallas, May 8th, 1989. 
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SUHHARY OF THE IHVEHTIQH 



It is an object of the present invention to provide combination 
therapy for the prevention and/or treatment of BPH wherein the treatment 
selectively inhibits the formation and/or action of sex steroids which 
would otherwise contribute to prostatic tumor growth. 

It is another object of the invention to provide combination therapy 
having increased effectiveness in preventing, slowing or reversing pros- 
tatic hyperplasia. 

It is another object of the invention to provide therapy for BPH 
having significantly reduced frequency of unwanted side effects. 

It is another object of the invention to provide kits having a 
combination of active ingredients (with or without pharmaceutical^ 
acceptable diluents and carriers) which may be effectively utilized 
together for carrying out the novel combination therapies of the 
invention. 

It is another object of the invention to provide a novel pharmaceu- 
tical composition which is effective, in and of itself, for utilization 
in a beneficial combination therapy because it includes a plurality of 
active ingredients which when administered to a patient, result in a 
combination therapy of the invention. 

In one aspect, the invention provides a method of preventing and/ or 
treating benign prostatic hyperplasia (BPH) in human or other 
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warm-blooded animals in need of such treatment wherein said method 
comprises administering to said animal therapeutically effective amounts 
of two or more compounds selected from the group consisting of a 5 
a-reductase inhibitor 9 an antiestrogen , an aromatase inhibitor and a 
17(J-hydroxysteroid dehydrogenase C170-HSD) inhibitor. 

In another aspect, the invention provides a method of preventing 
and/or treating benign prostatic hyperplasia (BPH) in humans or other 
warm-blooded animals in need of such treatment which comprises adminis- 
tering to said animal therapeutically effective amounts of 5a-reductase 
inhibitor and an antiestrogen* 

In another aspect, the invention provides a method of preventing 
and/or treating benign prostatic hyperplasia (BPH) in humans or other 
warm-blooded animals in need of such treatment which comprises adminis- 
tering to said animal therapeutically effective amounts of a Sa-reductase 
inhibitor and an aromatase inhibitor. 

The invention further provides a kit for treatment of BPH, said kit 
including at least two separate containers of different active ingre- 
dients which, when administered contemporaneous ly f result in a combi- 
nation therapy in accordance with the invention. 
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The invention contemplates that any of the active ingredients 
discussed herein may be utilized in combination with diluents and other 
carriers* for oral or parenteral administration f or may be delivered by 
any conventional delivery system. In certain preferred embodiments, 
active ingredients necessary to a combination therapy described above may 
be combined in a single pharmaceutical composition for simultaneous 
administration* 
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DETAILED DESCRIPTION OF THE PKKHKKRKP EMBODIMENTS 

Figure 1 is a schematic representation of the sites of action of 
drugs active in the prophylaxis and/or treatment of benign prostatic 
hyperplasia (BPH) . The following abbreviations are used: DHEA, dehydro- 
epiandrosterone; A*-diol, androst-5-ene-33 f 17(3-diol ; A*-dione, androste- 
nedione; T, testosterone; DHT t dihydrotestosterone; E x , estrone; E Jf 17p- 
estradiol; ER, estrogen receptor; anti-E, antiestrogen (2); anti-A f anti- 
androgen (5); 17P-HSD, in h ib itor of 17p-hydroxysteroid dehydrogenase (4); 
3p-HSD, inhibitor of 3p-hydroxysteroid dehydrogenase, A«-A*- isomerase 
(6), 5a-reductase, inhibitor of 5a-reductase (1); ARO t inhibitor of 
aromatase activity (3), 

As may be seen in Figure l f activation of the androgen receptor will 
stimulate prostatic hyperplasia, and is therefore to be prevented. 
However, it is also important to prevent stimulation of the estrogen 
receptor which is also a s ti m ul ator of BPH. Since a generalized blockade 
of the androgen receptor has undesirable side effects, it is usually 
preferable to block the activity of 5a-reductase, an enzyme required for 
the formation of the androgen active in prostatic tissue, namely DHT. 
Other tissues, especially those responsible for libido, are stimulated by 
testosterone. thus, the reduction of libido during treatment may be 
minimized by using an inhibitor of 5a-reductase activity and reducing or 
eliminating inhibitors of testosterone activity which can cause the unde- 
sirable side-effects. 

Inhibitors of 5o-reductase activity decrease intraprostatic DHT 
while maintaining high levels of the precursor testosterone (McConnell et 
al., J. Urol, 141: 239A, 1989). 
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Although 5a-reductase inhibitors are preferred, it is possible, in 
severe cases, that an antiandrogen could be added to the 5a-reductase 
inhibitor to more completely block androgens. It is also possible, in 
more severe cases, to add an LHRH agonist or antagonist. Generally, the 
LHRH agonist or antagonist and/or the antiandrogen will be used tempora- 
rily (preferably from 3 to 12 months) in order to cause a more rapid 
regression of BFH. 

One method of inhibiting activation of the estrogen receptor is 
treatment with an effective antiestrogen compound having an affinity for 
the receptor site such that it binds the receptor site and prevents 
estrogen from binding and activating the site. It is important to select 
antiestrogens which tend to be pure antagonists, and which have no ago- 
nistic activity. Otherwise, the antiestrogen which blocks the receptor 
site from estrogen, may itself activate the site. Preferred antiestro- 
gens are discussed in detail below. 

Because it is extremely difficult to block all receptor sites, it is 
desirable to simultaneously decrease the concentration of estrogen avai- 
lable to activate estrogen receptors. Hence, it is desirable to inhibit 
production of estrogen. As may be seen from the scheme of Figure 1, a 
number of hormones released by the adrenals and testes may be converted 
by a variety of biological pathways into estrogen in gonadal as well as 
in peripheral tissues. Among the estrogens thus produced, the most im- 
portant are 17B-estradiol and androst-5-ene-3p,17p-diol. It is therefore 
highly desirable to include an inhibitor of 17B-estradiol dehydrogenase 
or (17p-hydroxy steroid dehydrogenase) and/or of aromatase. Aromatase 
inhibitors, in particular specifically inhibit formation of undesirable 
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estrogen without blocking testosterone formation It is believed that 
absence of estrogen activity in men creates minimal if any unwanted side 
effects while beneficially reducing prostate cells. In severe cases, 
testosterone production is also inhibited. Inhibitors of 170-HSD close 
down the synthetic pathways crossed by vertical line 4 denoted "170-HSD" 
on Figure 1. Hence synthesis of both major forms of estrogen shown on 
Figure 1 is substantially prevented. 

A major pathway of estrogen formation is the aromatization of T into 
E, as well as the aromatization of A»-dione into a weak estrogen, 
which is converted into the potent estrogen 170-estradiol by 170-hydroxy- 
steroid dehydrogenase. It is thus useful to add an inhibitor of aromatase 
activity. Depending upon the potency of the compound, it might be useful 
to administer the aromatase inhibitor in association with an inhibitor of 
17p-hydre«ysteroid dehydrogenase activity and/or an antiestrogen. 

Although an inhibitor of 3p-hydroxysteroid dehydrogenase A«-n*-iso- 
merase activity could be useful to block androgens as well as 170-estra- 
diol formation, it leaves the formation of the estrogen A«-diol without 
inhibition. Horeover. it inhibits the synthesis of glucocorticoids and 
mineralocorticoids, thus implying the need for mineralocorticoid and/or 
glucocorticoid replacement therapy. Such an approach would be generally 
judged as unfavorable for the treatment of BFH. 

In one embodiment, the invention provides a method of treating BPH 
in a warm-blooded animal in need of such treatment which may comprise 
administering to said animal therapeutically effective amounts of two or 
more compounds selected from the group consisting of a 5a-reductase inhi- 
bitor, an antiestrogen, an aromatase inhibitor and one inhibitor of 
17p-hydroxysteroid dehydrogenase activity or mijctures thereof. 
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In certain embodiments, the invention provides a method of treating 
BFH which comprises administering a therapeutically effective amount (1) 
of an inhibitor of 5o-reductase and an antiestrogen, (2) an inhibitor of 
5a-reductase and an aromatase inhibitor, (3) a So-reductase inhibitor and 
a 173-HSD inhibitor, (4) a Sa-reductase inhibitor, an antiestrogen and an 
aromatase inhibitor, (5) a 5o-reductase inhibitor, an antiestrogen and a 
17p-HSD inhibitor, (6) a 5o-reductase inhibitor, an aromatase inhibitor, 
an antiestrogen and a 17p-HSD inhibitor, (7) a 5a-reductase inhibitor, an 
antiandrogen and an antiestrogen, (8), a 5a-reductase inhibitor, an anti- 
androgen and an aromatase inhibitor , (9) a 5a-reductase inhibitor, an 
antiandrogen and an 17p-HSD inhibitor, (10) a 5o-reductase inhibitor, an 
antiandrogen, an antiestrogen and an aromatase inhibitor, (11) a 5a- 
reductase inhibitor, an antiandrogen, an aromatase inhibitor and a 170- 
HSD inhibitor, (12) a 5a-reductase inhibitor, an antiandrogen, an aroma- 
tase inhibitor, an antiestrogen and a 170-HSD inhibitor, (13) a 17p-H5D 
inhibitor and an antiestrogen, (14) a 170-HSD inhibitor and an aromatase 
inhibitor, (15) a 17g-HSD inhibitor, an aromatase inhibitor and an anti- 
estrogen, (16) a 17P-HSD inhibitor, an antiandrogen and an antiestrogen, 

(17) a 170-HSD inhibitor, an antiandrogen and an aromatase inhibitor, 

(18) a 170-HSD inhibitor, an antiandrogen, an antiestrogen and an aroma- 
tase inhibitor, (19) an antiestrogen and an aromatase inhibitor and (20) 
an antiestrogen, an aromatase inhibitor, and an antiandrogen, (21) an 
LHRH agonist or antagonist, an inhibitor of 5a-reductase and an anties- 
trogen, (22) an LHRH agonist or antagonist, an inhibitor of 5a-reductase 
and an aromatase inhibitor, (23) an LHRH agonist or antagonist, a 5a- 
reductase inhibitor and a 17p-HSD inhibitor, (24) an LHRH agonist or 
antagonist, a 5a-reductase inhibitor, an antiestrogen and an aromatase 
inhibitor. (25) an LHRH agonist or antagonist, a 5a-reductase inhibitor. 
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an antiestrogen and a 170-HSD inhibitor, (26) an LHRH agonist or antago- 
nist, a 5c-reductase inhibitor, an aromatase inhibitor, an antiestrogen 
and a 170-HSD inhibitor, (27) an LHRH agonist or antagonist, a 5a-reduc- 
tase inhibitor, an antiandrogen and an antiestrogen, (28), an LHRH ago- 
nist or antagonist, a 5a-reductaae inhibitor, an antiandrogen and an 
aromatase inhibitor, (29) an LHRH agonist or antagonist, a 5a-reductase 
inhibitor, an antiandrogen and an 170-HSD inhibitor, (30) an LHRH agonist 
or antagonist, a 5a-reductase inhibitor, an antiandrogen, an antiestrogen 
and an aromatase inhibitor, (31) an LHRH agonist or antagonist, a 5a- 
reductase inhibitor, an antiandrogen, an aromatase inhibitor and a 170- 
HSD inhibitor, (32) "an LHRH agonist or antagonist, a 5a-reductase inhibi- 
tor, an antiandrogen, an aromatase inhibitor, an antiestrogen and a 170- 
BSO inhibitor, (33) *n LHRH agonist or antagonist, a 170-HSD inhibitor 
and an antiestrogen, (34) an LHRH agonist or antagonist, a 170-HSD inhi- 
bitor and an aromatase inhibitor, (35) an LHRH agonist or antagonist, a 
170-HSD inhibitor, an aromatase inhibitor and an antiestrogen, (36) an 
LHRH agonist or antagonist, a 170-HSD inhibitor, an antiandrogen and an 
antiestrogen, (37) an LHRH agonist or antagonist, a 170-HSD inhib itor, an 
antiandrogen and an aromatase inhibitor, (38) an LHRH agonist or antago- 
nist, a 170-HSD inhib itor, an antiandrogen, an antiestrogen and an aroma- 
tase inhib itor, (39) an LHRH agonist or antagonist, an antiestrogen and 
an aromatase inhibitor and (40) an LHRH agonist or antagonist, an anti- 
estrogen, an aromatase inhibitor, and an antiandrogen. 

The invention also provides kits or single packages containing, 
separately, at least two of the preferred active ingredients used in the 
combination therapy of the invention, preferably formulated as part of a 
pharmaceutical composition further comprising pharmaceutically acceptable 
di l ue nt or carrier. For example, a tvo-component kit may provide a 5a- 
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reductase inhibitor oral pharmaceutical composition and an antiestrogen 
pharmaceutical oral composition. A three-component kit may provide, for 
example, a 5a-reductase inhibitor oral pharmaceutical composition, an 
antiestrogen oral pharmaceutical composition and an aromatase inhibitor 
oral composition. In certain preferred embodiments, the antiestrogen 
itself also acts as a sex steroid inhibitor, and the kit need only con- 
tain one pharmaceutical composition for achieving both functions. 

Thus, this invention provides a novel method for effective treatment 
of BPH. In addition, the amounts of antiestrogen and antiandrogen needed 
for effective therapy as described herein may be lower than normally used 
in the prior art. 

By combining an optimal blockade of estrogen and androgen formation 
and/or action on prostatic cell growth, the present invention provides a 
method of maximally inhibiting the growth of prostatic tissue. 

In one preferred aspect, the present invention provides an effective 
method of preventing and/or treating BFH in warm-blooded male animals in 
need of such treatment by administering a 5a-reductase inhibitor, an 
antiestrogen and an aromatase inhibitor, or pharmaceutical compositions 
thereof in amounts sufficient to inhibit prostate growth. These active 
compounds can be administered together or in any order as discussed here- 
inafter. 

To assist in determining the effect of the treatment, blood plasma 
concentrations of the sex steroids of adrenal and testicular origin, 
i.e., precursor steroids, androgens and estrogens, and tumor size are 
measured. Tumor size is measured by standard methods well known to 
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those skilled in the art, e.g. ultrasonography, nuclear magnetic 
resonance imaging, CAT scan and/or physical examination. The symptoms of 
urinary obstruction are also used to assess the effect of treatment: 
dysuria, nocturia, force of stream, caliber of stream, hesitancy, 
terminal dribbling, diurnal frequency, burning, imperative micturition 
and urinary incontinency. Lowered concentrations of DHT and estrogens 
and reduction in tumor size are indicative of successful treatment, e.g. 
inhibition of tumor growth using active compounds described herein in 
accordance with the present invention. The concentrations of the adrenal 
estrogen androst-5-ene- 3p,l7p-diol (A»-diol) and, the ovarian estrogen, 
17p-estradiol (E, ) as- well as the androgen DHT are measured by standard 
methods well known to those skilled in the art, see for example, F. 
Labrie et al. . The Prostate 4: 579-584, 1983; Luthy et al., J. Gynecol. 
Endocrinol., 1: 151-158, 1987). 

Sex steroid formation inhibitors useful in the combination therapy 
of the invention include but are not limited to inhibitors of 5o-reducta- 
se activity, inhibitors of 17p-hydroxysteroid dehydrogenase activity 
and inhibitors of aromatase activity. 

A typically suitable Su-reductase inhibitor is KK-906, a product of 
Merck, Sharp & Dohme <Mc Cornell et al., J. Orol. 141: 239A, 1989). 
Another inhibitor of 5a-reductase is 17p-N,H-diethylcarbamoyl-4-methyl-4- 
aza-5o-androatan-3-one (4-MA) (Brooks et al., Endocrinology 109: 830. 
1981; Liang et al.. Endocrinology 112: 1460, 1983). Other 4-azasteroids 
acting as 5a-reductase inhibitors can be formed in Liang et al., J. Biol, 
chem. 259 : 734-739, 1984; and in Brooks et ri., Steroids 47: 1-19, 1986, 
6-n»thylene-4-pregnene-3,20-dibne has also been described as 5<x-reductase 
inhibitor (Petrow et al., J. Endocrinol. 95: 311-313, 1982). Similar 
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properties have been described for 4-»«hyl-3-oxo-4-aza-5a-pregnane-30(s) 
carboxylate (Kadohama et al., J. Hatl. Cancer Inst. 74: 475-486; 1985). 
Preferred inhibitors of 170-hydroxysteroid dehydrogenase activity include 
but are not limited to: 



H-butyl. N-methyl-11- (16 • a-chloro-3 \ 17 • p-dihydroxy estra-1' .3' ,5- (».). 
trien-7'a-yl) undecanann.de ("EM 139"). 

OH 




<CH 2 ) lc C0K(CHj)C 4 H f 

^but 7 l-H^th 7 l-ll-(16-a^oro-3\17'«-dihydro^ t3 . , 5 . (10 , 

trien-7'et-yl) undecananri.de ("EH 170") 

H 




(CH 2 ) l0 C0H(CH s )C 4 H, 

H^bi«yl-H^tlyl-ll-(l6'«-^^ .3* ,5« (10-)- 

trien— 7 1 o-yl) nndecaxraaide ("EM 171") h 




* / (CH t ) |0 C0M(CH 3 )C 4 H t 
Examples of certain synthesis schemes for EM 139, EM 170 and EM 171 are 

set forth below (see example 1 and schemes 1 and 2). Those of skill in 
the art will recognize analogous schemes for synthesizing analogous 
compounds • 
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1 



snrtHESis of preferbed sex steroid activity inhibitors 

Synthesis of a starting compound, H-n-butyl, H-methyl-ll-(3 ' -benzoyloxy- 
17'-o»-estrs-l.,3..5'(10')-triea. 7'o-yl)undecana«ide (14a) (SCHEME 
2) 

19-nor-testosterone acetate 3-enolacetate (7) 

In an apparatus supplied with a drierite drying tube, a solution of 
19-nor-testosterone (6) (100 g; 0.365 mole) in acetic anhydride (200 
ml) . pyridine (32 ml) and acetylchloride (320 ml) was heated at reflux 
under magnetic stirring, for 3 h and then concentrated to dryness under 
vacuum. The dry residue was triturated in absolute ethanol. filtered and 
washed with little portions of absolute ethanol. After drying. 19-nor- 
testosterone acetate 3-enolacetate was obtained as a white powder (121.4 
g. yield 93X) mp. 176-177'C. The structure was confirmed by spectroscopic 



means. 



17p-acetoxy-estra-4,6-dien-3-one (8) 

To a cooled suspension of enolacetate (121 g; 0.337 mole) in a 
mature of BMP (330 ml) and water (7.2 ml) at 0«C was added, under nitro- 
gen, over a period of 1 h. H-bromosuccinimide (63 g). The resulting solu- 
tion was stirred for an additional 0.5 h at 0-C. Then lithium carbonate 
(60.8 g) lithium bromide (30.4 g) were added. The mixture was heated 
at 95«C for 3 h and then poured into 1.7 1 of ice-cold water containing 
165 ml of glacial acetic acid. After stirring during 15 hours, the crude 
178-acetoxy-estra-4,6-dien-3-one (8) was filtered, washed with water. 
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dried in a desiccating apparatus and recrystallized tvice from isopropyl 
ether (72 g, yield 68%, mp 110'C). The structure was confirmed by spec- 
troscopic means. 

7a-(ll'-acetoxy-undecyl) 17B-acetoxy estra-4-en-3-one (9) 

A. Preparation of reagents and solvents 
11-bromo undecanol tetrahydro pyranyl ether 

11-bromo-undecanol (100 g. 398 nnnol) was dissolved in dry ether (768 
ml) and the solution was cooled to 0«C using an ice/H,0 bath. To this 
solution was added HC1 gas (2.13 g, 58.4 mmol, 26 ml of HCl/ether). 

To this mixture, a solution of 3 ,4-dihydro-2H-pyran (39.9 g. 43.3 
ml) freshly distilled in dry ether (218 ml) was added over a period of 90 
sdn. The solution was then stirred over a period of 16 hours at room 
temperature. Afterwards, sodium bicarbonate was added to the mixture. 
The residue was filtered and the solvent was evaporated under vacuum. 

The product was then filtered through basic alumina (250 g, Woelm, 
grade II) using petroleum ether (30-60) as solvent (112 g, 81X). 

B. Grignard reagent 

In a dry three-neck flask (1000 ml) under dry argon, magnesium (12.0 
g. 494 mmol) was placed and activated with iodine. Magnesium was heated 
with the flame to remove iodine and to dry the apparatus. The system was 
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then cooled to -20»C, and a solution of 11-bromo-undecanol tetrahydro 
pyranyl ether (73.8 g, 211 nmol) in dry 1HF (420 ol) was added' dropwise. 
The mixture was stirred under dry argon during one day at -20*C. 

The mixture was cooled to -35»C (±2«C) using a dry ice/CCL 4 /acetone 
bath. The anhydrous cuprous chloride (1.18 g, 12 mmol) was added and the 
mixture was stirred over a period of 0.5 h. 

C. Addition of Grignard reagent 

After 0.5 h, using the same apparatus mentioned above (Ar, -35*C), a 
solution of 17 B-acatoxy estra-4.6-diene-3-one (8) (32.0 g, 102 mmol) 
in dry TEE (300 ml), was added dropwise over a period of 6 h to the 
Grignard reagent (red coloration appeared and disappeared). The mixture 
was stirred for an additional 1 h and, after removal the cooling bath, 
acidified (about 0»C) with acetic acid (40 ml"), diluted with water and 
extracted with ether (3x). The ether solution was washed with a saturated 
sodium bicarbonate solution and water. The organic layer was dried over 
anhydrous magnesium sulfate and evaporated under reduced pressure to 
dryness i 



The residue was dissolved in HeOH (660 ml) and 5H HC1 (180 ml) , 
refluxed for 1 h and 45 min, then concentrated under reduced pressure and 
cooled in an ice bath. The mixture was then filtered to remove the white 
precipitate. After the solution had been diluted with water and extracted 
with inethylene - chloride (3x) , the organic layer was dried over anhydrous 
MgS0 4 and evaporated under reduced pressure to dryness. Finally, the pro- 
duct (55.9 g, brown oil) was chromatographed on silica gel (Kieselgel 
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60F254. Merck, 0.063-0.200 am, 1500 g) . El ution with mixtures of methyle- 
ne chlorida and ethyl acetate (4:1 to 1:2 v/v) and then pure ethyl aceta- 
te gave crude 7a-(ll.-hydroxy-undecyl)-17 P -hydroxy estra-4-en-3-one (34.8 
g) vhich was dissolved in dry pyridine f200 ml) and dry acetic anhydride 
(200 ml) , stirred 17 h at room temperature and then poured in ice-vater. 
The product was extracted with methylene chloride (3X) , washed with IN 
hydrochloric acid, vater. saturated sodium bicarbonate and water (K, , 
dried on anhydrous magnesium sulfate and filtered. After evaporation of 
solvent, the mature (35 g) of 7a- and 7B-diacetoxyenones and degradation 
products of Grignard reagent were separated by flash chromatography on 
silica gel (Kieselgel- 60, Merck. 230 mesh ASTM, 2.0 kg) developed with a 
mixture of hexane and diethyl ether (2:3 v/v). The first product eluted 
was pure amorphous 7«-<ll'-acetoxy undecyl) 17B-acetoxy-estra-4-en-3-one . 
(9) (20.8 g. 39.4 mol, yield from dienone was 39.0%). Further elu- 
tion gave the 7 B-isomer CIO) (5.4 g. 10.3 mmol. 10». All structures 
were determined by spectroscopic means. 

7a-(ll'-hydroxy-und«cyl) estra-l,3.S(10)-trien-3,17B-diol (11a) 

Under dry argon, a solution of 7a-(ll.- ftC etoxy undecyl) 17 P -acetoxy- 
estra-4-en- 3 -one (9) (17.0 g. 32.4 mmol) » dry acetonitrile {150 ^ 
vaa added rapidly to a suspension of cupric bromide (14.8 g. 66.2 mmol) 
and «o»ol) and lithium bromide (2.89 g. 33.6 mmol) in m acetonitrile 
(75 ml). The mixture was heated to reflux over a period of 30 min and 
stirred vigorously, and then cooled to room temperature. A saturated 
aqueous solution of sodium bicarbonate (50 ml) was added, and then the 
organic compound was extracted with ethyl acetate (3* 150 ml). The orga- 
nic layers were washed with water, dried over anhydrous magnesium sulfa- 
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te, filtered and evaporated under vacuum to dryness. The residue was 
chromatographed on silica gel (Kieselgel 60F254 Merck 0.063-0.200 nan; 
1000 g). Elution with hexane-ethyl acetate (1:1 v/v) gave the 7a-(U'- 
acetoxy-undecyl )■ estra-1 • ,3 • ,5 • (10 • ) -trien-3 , 17B-diol , 17p-acetate 
(lib) (8.51 g; 50.3%) and the starting product (1.33 g; 15%). 

The above diacetate phenol (8.51 g, 16.2 mmol) was dissolved in me- 
thanol (90 ml) and sodium hydroxyde 30% (v/v) (9 ml). The mixture was 
refluxed for 90 adn under dry nitrogen. The solution was then concentrat- 
ed under vacuum and diluted with hydrochloric acid (10S v/v). The 
mixture was extracted using ethyl acetate (4 x 150 ml) and the ethyl ace- 
tate extract was washed with water, dried over anhydrous magnesium sulfa- 
te, filtered and evaporated under vacuum. The evaporation gave 7o-(ll*- 
hydroxy undecyl) estra-l,3,5U0)-trien-3,17B-diol (Ua) (6.99 g, 981 
brut) as a yellow foam, the structure of which was confirmed by spectros- 
copic means. 

3-benzoyloxy 7o-( 11' -hydroxy undecyl) estra- 1,3,5(10) -trien- 17 B-o 1 
(12) 

The above triol (6.99 g: 15.8 mmol) was dissolved in acetone (25 ml) 
end an aqueous solution of sodium hydroxyde (IN, 19.1 ml). The mixture 
was cooled to 0»C using an ice/water bath. Benzoyl chloride (2.22 ml, 
19.1 mmol) was then added dropwise. The mixture was stirred for 40 min at 
0*C and then diluted with water. The solution was extracted using ethyl 
acetate (3X) and the organic layers were washed with a saturated aqueous 
solution of sodium bicarbonate and finally with water. The ethyl acetate 
solution was dried over anhydrous magnesium sulfate, filtered and evapo- 
rated under vacuum to dryness. Then, the residue was immediately chroma- 
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tographed on silica gel (Kieselgel, 60F254, 0.063-0.200 mo; 500 g) . The 
chromatography was carried out, first, using methylene chloride as sol- 
vent (about 1 liter) and secondly the pure 3-benzoyloxy 7a-(ll' -hydroxy 
undecyl) estra-l,3,5(10)-trien-17p'-ol (12), colorless oil (6.50 g, 
751) was eluted with methylene chloride-ethyl acetate (5:1 about 1 liter 
and 4:1; v/v). The structure was confirmed by spectroscopic means. 

ll-(3'-benzoyloxy-17'-oxo-estra-l' ,3' ,5' (10')-trien-7'a-yl) undecanoic 
acid (13) 

To a cooled solution of 3-benaoyloxy-7o-( 11 '-hydroxy undecyl )estr a- 
1.3,5(10)-trien-17B-ol (12) (4.3 g) in acetone (100 ml) was added 
dropwise Jone's reagent (8N-chromic acid solution, 6.7 ml). After 30 
min, isopropanol (40 ml) was added and the mixture was concentrated under 
vacuo. Water was added and the mixture was extracted four times with 
ethyl acetate. The organic layers were washed twice with brine, dried 
over magnesium sulfate and evaporated to dryness. The crude ll-(3'-ben- 
2oyloxy-17'-oxb-estra-l' ,3- ,5' (10')-trien-7'a-yl) undecanoic acid 
(13) (3.94 g) was used in the next step without purification. 



N-u-bulyl ,n-oethyl-ll- (3 ' - hydi uay -17 ' -tnp-estra-1 » ,3 • .5* (10* ) 
7'a-yl) undecsnamide (14b) 



To ll-(3 '-bensoyloxy-17'-oxo-estra-l» ,3 • ,5 » (10* )-trien-7 «a-yl) unde- 
canoic acid (13) (3.94 g, 7.22 mmol) , dissolved in anhydrous CH,C1, 
(100 ml) and cooled at -10'C was added tributylamine (2.18 ml, 9.15 mmol) 
and isobutylchloroformate (1.30 ml, 10.0 mmol). The solution was stirred 
during 35 min. and N-methylbutylamine (13 ml, 109.7 mmol) was added. The 
mixture was warmed to room temperature and stirred during 1 h. Afterward, 



SUBSTITUTE SHEET 



WO 91/00731 



PCI7CA90/00210 



25 

CH,Clj vas Added and the organic phase vas washed with IN HC1, water, 
saturated sodium bicarbonate solution and finally with water, dried with 
anhydrous KgS0 4 and the solvent was removed under reduced pressure. The 
residue was purified by chromatography on silica gel. Elution with mixtu- 
re of EtOAc/hexane (1.5:8.5 v/v) yielded N-butyl, N-methyl-ll-(3'- ben- 
2oyloxy-17'-oxo-estra-l',3',5'(10')-trien-7'a-yl) undecanamide (14a) 
(4.25 g. 96X) as colorless oil; IR v (neat) 17S0, 1725 and 1640 em-i. The 
above described benzoyloxy amide (341 mg, 0.54 mool) was dissolved in 
methanol (10 ml) and cooled at 0«C. Following this 2N HaOH (5 ml) was 
added and the mixture was stirred during 60 min. at O'C. The solution was 
neutralized with lN'HCl and extracted with CH,C1,. The organic phase was 
dried with anhydrous MgS0 4 and the solvent was removed under reduced 
pressure. The residue was purified by chromatography on silica gel. 
Elution with mixture of EtOAc/hexane (3:7 v/v) yielded N-butyl, N-methyl- 
ll-(3'- hydroxy-17'-oxo-estra-l',3'.4'(10)-trien-7'a-yl) undecanamide 
(14b) (284 mg, 97X) as colorless oil; iH-NMR 6 (C0C1,) 0.91 
(s.3H,18'-CH,), 2.76 app(d,lHJ-16,3Hz. part of ABX system, 6'-H) 2.96 and 
2.98 (2s, 3H N-CH,), 3.27 and 3.38 (2t app ,2H,J-7.5Hz,N-CH,-) , 6.63 (broad 
s.lH,4'-H). 6.70 (broad d,lH,J- 8.5 Hz,2'-H). 7.12 (d,lH,J-8.4 Ha.l'-H) ; 
IR V max (neat) 3270 • 1730 » "IS em-*; MS m/e 523 (M-,100%) , 508 
W-CH,,32X), 142 (C.H^OBKCHjX^V, 47« . 
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16-SALO-ESIRADIOL inp raruiAKnra (SCHEME 2 ) 

H-n-butyl, N^thyl-ll-(3^17 , -di«cetox7-e3txa-l , ,3' ,5 f (10«) .16 f -tetraen- 
7 , a-yl) undecanasdde (15) 

The ketone amide 14b (163 mg f 0.50 nsnol) was dissolved in 
isoprenyl acetate (10 ml), p-toluenesulfonic acid (44 mg) vas then added 
and the solution was distilled to about two-thirds of the original volume 
in 7 h and was then stirred at reflux for 12 h. Afterwards, the solution 
was cooled with an ice-water bath and extracted with SO ml of cooled 
ether. The ether was "Washed with a cooled satured sodium bicarbonate and 
water. The organic phase was dried with anhydrous MgS0 4 and the solvent 
was removed under reduced pressure. The residue was filtered through alu- 
mina (lSnan x 50 ran alumina Woehlm neutral, activity II) using a m ix ture 
of benzene-die thy 1 ether (3:7 v/v) as eluant. The solvent was removed 
under reduced pressure and, the residue was purified by flash chromato- 
graphy on silica gel. Elution with mixture of EtOAc/hexane (1:4 v/v) 
yielded the H-butyl, H-ttethyl-ll-(3 , f n'-diacetoacy-estra-l' ,3' ,5« (10 1 ) , 
16 l -tetraen-7»a-yl) undecanandde (15) (244 og f 80S) as colorless oil; 
iH-NMR fl n (CDCl,) 0.92 (s ,3H,18'-CH 3 ) , 0.92 and 0.95 (2t,3H,J*7.0 
Hz.WCH^CH,), 2.18 (s,3H r 17«-OC0CH 3 ), 2.28(s,3H,3*-OCOCH a ) , 2.76 app 
(d.lH,J«i6.1 Hz. part of ABX system,6'-H) . 2.90 and 2.96 (2s f 3H t N-CH,) , 
3.26 and 3.35 (2t app ,2H,J«7.6 Hz,H-CH a -), 5.52 (m,lH,16'-H) , 6.80 (broad 
s,lH,4»-H), 6.85 (dd.lH.J^.l Hz and J a -3.0 Hz,2'-H), 7.27 (d,lH,J«9.1 
Hz^'-H); IR ^ MX (neat) 1750, 1635, 1200 cm-*; MS m/e 607 (M*,2X), 
5(M*-COCH 1 ,100X), 
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550 <M-C0CH,-CH,.13%), 523 (M-2C0CH, .45%) , 142 (C,H 4 CO N CCH,)C 4 H, • .55%) . 
129 ( W CH,)HC0CHV.38%), 114 «,!,«*,)».. 60%). 86 (C A («,,.. 
25%, ; EXACT MASS calcd for C„H„O s N 607.4239, found 607.4234. 

H-butjrl. N ^^l-"-(16 , «^oro-3.«cet^l7.^ IO - Mtra . 1 . # 3. i4 . 
CIO') - triene-7 « a-yl ) undecanaadde (16, x - CI) 

To diacetate amide 15. dissolved in 5 ml of acetone, was added a 
solution of sodium acetate (2.6 equivalents) in acetic acid and water 
(1:11.3 v/v) and then, was treated with tertbutyl hypochlorite (1 eq , 
prepared fron, t-butanol (4 1, and Javel water (Javex 6.1%. 50 ml). The 
dear solution was warmed to 55'C and stirred for 1 h. Afterwards, the 
solvent was evaporated to dryness. The residue was dissolved in ether 
(100 ml) and water was added (20 ml). The organic phase was washed with 
water, dried with anhydrous MgSO. and evaporated to dryness. The residue 
was purified by chromatography on silica gel carried out with mixture of 
EtOAc/hexane (3:7 v/v) to give the N-butyl. lHnethyl.ll-(i6.a-chloro- 
3'-acetoxy-17'-oxo-estra-l'.3..4.(10.)-trien-7.«x-yl) undecanandde 16. 
X««) (115 mg. 89%) as colorless oil; XH-NMR , (CDC1,) 0.92 and 0.95 
(2t,3H.J-7.0 Hz.N(CH s ) lCSj ). 0.96 (S.3H.18-CH.) . 2.28 (S.3H.3-OCOCH ) 
2.80 app (d.lH.J-16.6 Hz. part of ABX system. 6--H) 2.90 and 2^6 
(2s.3H.K-CH,). 3.24 and 3.35 (2^.^-7.4 Hz.-H-CH,-), 4.46 
(d.lH.J-6.6 Hz.16.p-H). 6.82 (broad S.1H.4-H). 6.86 (dd.lH.J-9.lHz and 
J.-.2.6HZ.2.-H). 7.29 (d.lH.J-9.1 Hz.l-H) « I* ^ ( neat) 1750> 164Q> 
1205 cm-,: MS m/e 601. 599 (M^.24%. 68%). 142 (C,H 4 C0N<CH,,C 4 H,.. 100%). 
11* (C 4 H 1 (CH J )HC0-.93%). 
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N-butyl f N-me thy 1-11- ( 16a-chloro-3 ■ , 17 f -dihydroxy-es tra- 1 ' f 3 ' , 5 ' ( 10 f ) - 
trien-7'a-yl) undecanamide ("EH 139") and ("EM 170") 

A stirred solution of haloketone amide (16 t X-Cl) in anhydrous 
tetrahydrofuran (THF) (10 ml) under argon was chilled to -70 # C with 
2-propanol/dry ice bath. A solution of 1.0 M of lithium aluminium hybride 
(2 eq.) was then added dropwise. After 30 min, the reaction was allowed 
to return slowly at 0 # C for 5 min, then was quenched by the dropwise 
addition of a mixture of THF-EtOAc (5 ml) (1:1 v/v) and acidified at pH \ 
4 with (10X) HC1. The mixture was stirring for 5 min at room temperature 
and then extracted with EtQAc. The organic phase was washed with water, 
dried on anhydrous Na 3 S0 4 and evaporated under reduced pressure. The 
residue was chromatographed on silica gel with a mixture of EtoOAc/hexane 
(4:6 v/v) as eluant: 

N-butyl . N-methy 1-1 1- ( 16 ' a-chloro-3 ' 17 1 a-dihydroxy-estra- 1' f 3 f f 5» (10')- 
trien^a-yl) undecanamide ("EH 170") 

(15 mg, 29Z) as colorless oil; analytical sample was obtained by HPLC 
purification; *H-HHR 6 (CDC1,, 400 MHz) 0.79 (s,3H, W-CH,) , 0.93 and 
0.96 (2t t 3H.J-7.3 Hz,N(CH,) ,CH,) . 2.80 (2H,J, f ,«17.1 Hz and J, ft • 
4.5 Hz, A6-24.34 (Hz f system ABX, 6'^). 2.94 and 2.99 (2s. 3H.N-CH,) , 
3.26 (dd t J x - 7.6 Hz and J, - 7.4 Hz) and 3.32-3.43 (m)-[2H,-N-CH a -] , 
3.71 (d,lH f J«4.5 Hz,17'P~H), 4.63 (ddd, lH f J.. lt « 10.2 Hz, J,. . - 
•4.5 Hz and J„. M 3.9 Hz, 16'p-H), 6.50 (d, 1H. J-2A Hz, 3'-OH), 6.60 
(d, iH,J-2.5 Hz. V-H), 6.66 (dd.lH.Jj-8.4 Hz and J,-2.5 Hz. 2'-H) , 7.1* 
<d,lH,J-8.5 Hz, l'-H); IR v (neat) 3300, 1615, 1495 car*; MS m/e 
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561.559 40%. 100%). 523 (M-HC1, 20%). 142 (C 3 H t C0N(CH, )C 4 H, • . 44%), 

114 (C,H,(CH s )aiO-. 37%); Exact mass calculated for C Jt H, 40j N»Cl 
559.3785, found 559.3821; 

- and - 

-H-butyl, N-methyl-ll-(16'o-chloro-3' .17'B-dihydroxy-e S tra-l'3' .5- (10')- 
trien-7'a-yl) undecanamide ("EH 139") 

(25 mg, 55%) as a colorless oil; analytical sample was obtained by 
HPLC purification; 1H-HMR o (CDC1,. 400 MHz). 0.81 (s,3H. 18'-CH,). 0.93 
and 0.96 (2t. 3H,J-7.3 Hz. (CH^CH,). 2.78 (2H, J.,,-16.2 Hz and J,., - 
4.5 Hz, A*-24.34 Hz*, system ABX, 6'-H). 2.94 and 2.99 (2s. 3H.H-CH,) , 
3.27 (dd. J 1 -7.6 Hz and J,-7.5 Hz) and 3.31-3.45 (M)[2H. -N-CH,-] . 3.86 
(dd, 1H, J 17M7 - 0H -3.4 Hz and J Jt , l# -5.9 Hz. 17'e-H). 4.11 (ddd, 1H. 
J 1IM$ -10.8 Hz, J l§ . 17 -5.9 Hz and 4.11 (ddd, 1H, J 1|M| - i0 .8 Hz, 
J,..„ " 5.9 Hz and J MM ,-2.5 Hz, 16'p-H), 6.56 (d, 1H, J-19.7 Hz, 3»- 
0H). 6.61 (d, 1H, J-2.5 Hz, 4»-H), 6.66 (dd. 1H. J.-8.4 Hz and J,-2.6 Hz. 
2'-H). 7.13 (d, 1H. J-8.4 Hz. I'-H); I* v ^(neat) 3320, 1615. 1490 
car'; MS m/e 561.559 (M- , 38%, 100%). 523 (M--HC1. 16%). 1« 
(CACOH^,)^,*, 80%). 114 ( W CH,)NC0-.76%); exact mass calculated 
for C^O^Cl 559.3785. found 559.3825. 
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Scheme 2 




1* X«Cl r Br En 105 X«Br f R b »OH t R C »H 

Ett 170 X«Br f R b «H t R c «OH 

EH 139 X=C1, R b «OH f R C «H 

Efl 171 X«C1, R b *H, R t «OH 

EH 156 X»I, R b «OH, R c -H 



SUBSTITUTE SHEET 



WO 91/00731 



PCT/CA90/00210 



31 

N-n-butyl. N- n ethyl-ll-(16'a-brono-3'-acetoxy-17'-o X o-e S tra-l' .3' ,5.- 
(10') ,trien-7'a-yl) undecanamide (16, X=Br) 

To the above diacetate IS (244 mg, 0.40 mmol) dissolved in 10 ffll 
of acetic acid was added dropwise with stirring within 10 minutes and at 
room temperature, a brominating solution composed of 50 mg (0.6 mmol) of 
sodium acetate, 1.6 ml of acetic acid, 0.04 ml of water and 63.9 mg (0.02 
ml. 0.40 mmol) of bromine. During the course of this reaction, a red 
coloration appeared and disappeared. To the solution. 50 ml of ether was 
added and the organic phase was washed with water (4 x 50 ol) followed by 
a saturated sodium bicarbonate solution (2 x 50 ml) and finally with 
water (3 x 50 ml). The combined phase was dried over anhydrous magnesium 
sulfate and the solvent was removed in vaeuo. The residue was chromato- 
graphed on silica gel (Kieselgel, 60F254, Merck, 0.063-0.200 am). Elu- 
tion with a mixture of hexane-ethyl acetate (4:1 v/v) yielded N-butyl, 
N-methyl-ll-(i6e-bromo-3'^^ 

yl) undecanamide (16, X-Br) (201 mg. 78W as colorless oil (201 mg. 
78X). as colorless oil; *H-NMR o (CDC1 S ), 0.94 (s, 3H.18--CH,), 2.28 (s. 
3H. 3--0C0CH,), 2.82 app (d.lH.J-16.4 Hz. part of ABX system, 6--H), 2.90 
and 2.96 (2s. 3H.H-CH,). 3.24 and 3.35 (2t app , 2H. J-7.7 Hz, -H-CH,-) , 
4.58 (t.lH.J-3.6 Hz, 16B-H) . 6.82 (broad s.iH.4'-H). 6.88 (dd.lH. J-8.0 
Hz and J,- 4.0 Hz,2'-H), 7.29 (d.lH.J-8.0 Hz. !•-*). HS a/e 644 (M\7X) . 
565 (M* - Br, 77X) , S22 (M-Br-C0CH„ 55X) , 142 (C,H 4 C0H(CH 1 )C t H/, 67X) . 
114 (C % H,(CH,)llCO*. 66X). 88 (100X). 
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N-butyl , N-methyl-11- ( 16 1 a-bromo-3 ' , 17 1 -dihydroxy-estra-1 ' ,3 , 4 ' ( 10 ' ) - 
trien-7'a-yl) uiriecanamide ("EM 105") and ("EM 171") 

A solution of bromoketone amide 16 (X-Br) (295 mg, 0.46 mmol) in 
anhydrous tetrahydrofurah (10 ml) under argon was chilled to -70 # C and a 
solution of 1.0 M of lithium aluminium hybride in ether (0.92 ml, 
0.92 mmol) was added dropwise with rapid magnetic stirring. After 30 min, 
the reaction was : quenched by the dropwise addition of a mixture of THF- 
ethyl acetate (1:1 v/v) and acidified by 10X hydrochloric acid. The mix- 
ture was stirring for' 5 min at room temperature and then extracted with 
ethyl acetate. The organic phase was washed with water, dried on anhy- 
drous sodium sulfate and evaporated to dryness under reduced pressure. 
The residue was purified by chromatography on silica gel. Elution with a 
mixture of hexane-ethyl acetate (7:3 v/v) gave: 

H-n-butyl, H-methyl-ll-Ue'a-bromo-S ' , 17 , a-dihydroxy-est^a- 
l• ,3' ,5' (lO-trien-^'a-yl) undecananri.de ("EH 171*) 

(63 mg, 21X) as colorless oil: l H-HHR 0 (CDC1, , 400 MHz) 0.81 (s, 3H, 
18»-CH,), 0.93 and 0.96 (2t, 3H.J-7.3 Hz.lKCH,) 3 (3L S ) , 2.79 (2H,Jg g-16.6 
Hz . J 6 ,7"*- 7 Ez ' " A6-24.34 Es, system ABX,6'-H), 2.94 and 2.99 (2s,3H.N- 
CH,), 3.27 (dd.2H t J t -7.7 Hs and J,-7.5 Ez, -N-CH,-) , 3.31-3.44 (m,2H,-N- 
CH,-). 3.66 (dd,lH,J 1717 -1.4 Hz. J 17fl6 " 4,3 Hz. 17'0-H). 4.68 
(dt,lH,J 16 ^ l7 -4,3 Hz, m, J 16a5 -9.7Hz.l6'B-H) , 6.60 (d,lH,J-2.4 Hz, 
4'-H), 6.65 (dd, 1H.J-8.5 Hz and J,-2.5 Hz. 2«-H). 7.14 (d,lH,J-8.5 Hz, 
l'-H); IR (neat) 3300, 1615, 1495 cm*»; MS m/e 605,603 (M*. 17X) , 

523 (M*-HBr, SIX). 142 (C.H.COHtCHjX^H.MOOX) . 114 (C 4 H t (CH,)NC0» , 
971); Exact mass calculated for C J4 H, 4 0,N'«Br 603.8289. found 603.3304. 
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and 

N-n-butyl, N-methyl-ll-(16'a-bromo-3' . 17 • 0-dihydroxy-estra-l • .3' .- 

S'UO'J-trien-Ta-yl) undecanamide ("EM 105") 

(170 mg. 50%) as a colorless oil; analytical sample vas obtained by 
HPLC purification: 'H-NMR 6 (CDC1,. 400 MHz). 0 .80 (s.3H.18.-CH,) . 0 93 
and 0.96 (2t r 3H.J-7.3 Hz.N(CH, ) jC H,) , 2.80 (2H.J, ^-16.4,^ ^ Hz 
A6-24.34 Hz, system ABX, 6»-B>. 2.94 and 2.99 (2s.3H.N-CH,). 3.27 (dd. 
2H.V7.7 Hz and .1,-7.5 Hz. -H-CH,-) . 3.31-3.45 (m^.-N-CH,-) , 4 . 02 
(dd.lH.J 1717 - 3.7 Hz, and J 17flfi -6.1 Hz. 17'a-H). 4.15 (ddd.lH.J^ . 
10 - 2 H2 ' J 16.17- *'} «* J 16fl5 -2.9 Hz. 16'0-H). 6.61 (d.lH^S 
Hz. 4--H). 6.66 (dd.lH.J-8.4 Hz and J, 2.5 Hz. 2'-H). 7.12 (d.lH,J-8.4 
H*. l'-H); IR v fflax („eat) 3320. 1610. 1490 cm-; MS »/e 605. 603 (M* 
29X). 523 (M-HBr.- 100X) . 142 <C,H,C0N(CH,)C 4 H f 70X) . 114 
<C 4 H,(CH,)NC0-. 60X); Exact mass calculated for C^^-Br 603.3289. 
found 603.3289. 

Antiestrogens useful in the combination therapy of the invention 
include but are not limited to Tamoxifen, commercially available from 
Imperial Chemical Industries, and EH 139. EM 170 and EM 171 whose synthe- 
sis are set forth above. Some steroidal antagonists also function as in- 
hibitors of sex steroid formation. The antiestrogens EM 139. EM 170 and 
EM 171. for example, exhibit the dual function of acting as sex steroid 
formation inhibitors. For this reason, a combination therapy requiring 
both an inhibitor of sex steroid formation and a steroidal antagonist may 
be produced by administering a single active compound (alone or together 
with diluent) capable of performing both functions. Another example of a 
dual function active ingredient is the antiandrogen EM 101 (discussed 
below) which has also shown an inhibitory effect on sex steroid 
formation. 
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The inhibitor of sex steroid biosynthesis is preferably capable of 
acting at least in peripheral tissues (extra-testicular and extra-adre- 
nal). In severe cases, it is used in association with an antiandrogen , 
and with an LHRH agonist or LHRH antagonist. 

The use of an LHRH agonist is the more preferred method of chemical 
castration. 

By the term "LHRH agonist" is meant synthetic analogues of the natu- 
ral luteinizing hormone-releasing hormone (LHRH) , a deeapeptide of the 
structure: L-pyroglutanyl-L-histidyl-L-tryptophyl-L-seryl-L-tyrosyl- gly- 
, cyl-L-leucyl-arginyl-L-prolylglycyl-HH,. 

Typical suitable LHRH agonists include nonapeptides and decapeptides 
represented by the formula: L-pyroglutamyl-L-histidyl-L-tryptophyl-L- 
SBiyl-L-tyrosyl-X-Y-L-arginyl-L-prolyl-Z wherein X is D-tryptophyl, D- 
leucyl, D-alanyl, iactnobenzyl-D-bistidyl, 3-(2-naphthyl) -D-alanyl , O-ter- 
butyl-D-seryl, D-tyrosyl, D-lysyl, D-phenylalanyl or H-methyl-D- alanyl 
»nd Y is L-leucyl, D-leucyl, N^ethyl-D-leucyl, N^-methyl-L- leucyl 
or D-alanyl and wherein 2 is glycyl-HHR, or HHR X wherein R t is H, lower 
alkyl or lower haloalkyl. Lower alkyl includes, for example, methyl, 
ethyl, propyl, pentyl, hexyls, iso-butyl, neopentyl and the 
like.Haloloweralkyl includes, for example. -CF-,, -CH,CF,. -CF,CH,, and 
the like. Fluorine is a preferred halogen. 

Preferred nonapeptides wherein Y is L-leucyl and X is an optically 
active D-foro of selected amino acids and Z is NHC,H, are [D-Trp« , des- 
Gly-HH a 10 ] LHRH ethylamide (X-D-Trp«); [D-Ser-t-BuO) • , des-Gly-HH,»<>JLHHH 
ethylamide CX-p-Ser(t-BuO*)] ; [D-Leu», des-Gly-HH, "JLHRH ethylamide 
(X-D-Leu« , [D-HisCBzl)«, des-Gly-HH, * • J LHRH ethylamide (X-imnobenzyl-D- 
His«) and [D-Ala«, des-Gly-HH,"]-LHRH ethylamide (X-D-Ala«). 
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Preferred decapeptides include (D-Trp»]LHRH vherein X«D-Tr?, Y-L- 
leucyl, Z-glycyl-NH,. tD-Phe*]-LHRH wherein X-D-phenylalanyl , Y-L-leueyl 
and Z-glycyl-HN,) or [D-Nal(2) 'LHRH which is [»-3-(2-naphthyl)-D-Ala«J- 
LHRH wherein X»3(2-naphthyl)-D-alanyl, Y»L-leucyl and Z=glycyl-NH, . - 

Other LHRH agonists useful within the scope of this invention are 
the o-asa analogues of the natural LHRH, especially, [D-Phe«, Azgly"]- 
LHRH, [D-Tyr(-tte)», Azgly 10 ]LHRH, and [D-Ser-(t-BuO)«, Azgly»°]LHRH dis- 
closed by A.S. Dutta et al. in J. Med. Chea., 21. 1018 (1978) and U.S. 
Pat. No. 4,100,274 as well as those disclosed in U.S. Pat. Nos. 
4,024.248 and 4,118,483. 



Typical suitable LHRH antagonists include [H-Ac-D-p-Cl-Phe* . 
D-Phe'. D-Arg«. D-Ala 10 ]-LHRH disclosed by J. Ercheggi et al.. Biochea. 
Biophys. Res. Connun. 100, 915-920 (1981); [N-Ac-D-p-Cl-Phe»,», D-Trp>, 
D-Arg.. D-Ala» 3 LHRH disclosed by D.H. Coy et al.. Endocrinology, 110: 
1445-1447 (1982): W-Ac-D-(3-(2-naphthyl)-0Ala) t. D-p-Cl-Phe' , D-Trp». 
D-hArg(Et,)», D-Ala»]LHRH and [N-Ac-Proiv D-pF-Phe>. D-(3-(2-naphthyl)- 
Ala»,«]-LHRH disclosed by J.J. Nestor et al. J. Steroid Biochea., 20 9no. 
6B). 1366 (1984); the nona- and decapeptide analogs of LHRH useful as 
LHRH antagonists disclosed in U.S. Pat. No. 4.481.190 (J.J. Nestor et 
al.); analogs of the highly constrained cyclic antagonist, cycle [A* 
Pro*. D-p-Cl-Phe», B-Trp»,«, N-Me-Leu' , B-Ala»]-LHRH disclosed by J. 
Rivier. J. Steroid Biochem.. 20 (no. 6B), 1365 (1984); and [N-Ac-D-(3- 
(2-naphthpyl)-Alai, D-p-F-Phe' , D-Trp», D-Arg 4 ] LHRH disclosed by A. 
Corbin et al., J. Steroid Biochea. 20 (no. 6B) 1369 (1984). 
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Preferred nonapeptides wherein Y is L-leucyl and X is an optically 
active D-form of selected amino acids and Z is NHC,H, are [D-Trp*. des- 
Gly-NH, l0 ] LHRH ethylamide (X-D-Trp»); [D-Ser-t-BuO) » , des-Gly-NH, 19 ] LHRH 
ethylamide (X-D-Ser(t-BuO«)] ; [D-Leu«. des-Gly-NH, 10 J LHRH ethylamide 
(X-D-Leu«. [D-His(Bzl)*. des-Gly-NH, 1 0 ] LHRH ethylamide (X-iminobenzyl-D- 
His*) and [D-Ala «, des-Gly-NH, »•] -LHRH ethylamide (X-D-Ala«). 

Preferred decapeptides include [D-Trp* J LHRH wherein X-D-Trp, Y-L- 
leucyl. Z-glycyl-NH, , [D-Phe«]-LHRH wherein X-D-phenylalanyl, Y-L-leucyl 
and Z-glycyl-HN,) or [D-Nal(2) 'LHRH which is [ » 1 -3- ( 2-naphthy 1 ) -D-Ala • ] - 
LHRH wherein X-3 (2-niphthyl ) -D-alanyl , Y-L-leucyl and Z-glycyl-HH, . 

Other LHRH agonists useful within the scope of this invention are 
the o-axa analogues of the natural LHRH, especially, [D-Phe«, Azgly"]- 
LHRH. [D-Tyr(-Me)«, Azgly»«)LHRH. and [D-Ser-(t-BuO) «. Azgly")LHRH dis- 
closed by A.S. Dutta et al. in J. Med. Cham., 21, 1018 (1978) and U.S. 
Pat. Ho. 4.100*274 as well as those disclosed in U.S. Pat. Nos. 
4,024,248 and 4,118,482. 

Typical suitable LHRH antagonists include [N-Ae-D-p-Cl-Phe»,» , 
D-Phe». D-Arg«, D-Ala 18 ] -LHRH disclosed by J. Ercheggi et al., Biochem. 
Biophys. Res. Cannon. 100, 915-920 (1981); [H-Ac-D-p-Cl-Phe*,* , D-Trp 1 , 
D-Arg«, D-Ala 10 J LHRH disclosed by D.H. Coy et al.. Endocrinology, 110: 
1445-1447 (1982): tN-Ac-D-(3-(2-naphthyl)-0Ala) » . D-p-Cl-Phe», D-Trp 1 , 
D-hArg(Et,)«. D-Ala" JLHRH and [N-Ac-Pro*. D-pF-Phe», D-(3-(2-naphthyl)- 
Ala»,«)-LHRH disclosed by J.J. Nestor et al. J. Steroid Biochem., 20 9no. 
6B), 1366 (1984); the nona- and decapeptide analogs of LHRH useful as 
LHRH antagonists disclosed in U.S. Pat. No. 4.481,190 (J.J. Nestor et 
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al.); analogs of the highly constrained cyclic antagonist, cycle [b* 
Pro*, D-p-Cl-Phe', D-Trp* ,* , N-Me-Leu' , B-Ala»J-LHRH disclosed by J. 
Rivier, J. STeroid Biochem., 20 (no. 6B) , 1365 (1984); and [H-Ac-D-{3-(2- 
naphthpyl)-Ala», D-p-F-Phe>. D-Trp\ D-Arg«]LHRH disclosed by A. Corbin 
et al., J. Steroid Biochem. 20 (no. 6B) 1369 (1984). 

Other lhrh agonist and antagonist analogs are disclosed in LHRH and 
its Analogs (B.H. Vickery et al. eds. at pages 3-10 (J.J. Nestor) , 11-22 
(J. Rivier et al.) and 22-33 (J.J. Hester et al.) as well as in The Case 
for LHRH agonists (Clinical Oncology, Purr and Denis, eds). Bailliere 
Tindall, vol. 2, no.' 3, pp. S59-570, 1988). 

The LHRH agonists and antagonists useful in this invention may con- 
veniently be prepared by the method described by Stewart et al. in "Solid 
Phase Peptide Synthesis" (published in 1969 by Freeman & Co., San 
Francisco, page 1) but solution phase synthesis may also be used. 

The nona- and decapeptides used in this invention are conveniently 
assembled on a solid resin support, such as 1% cross-linked Pro-merri- 
field resin by use of an automatic peptide synthesizer. Typically, side- 
chain protecting groups, well known to those in the peptide arts, are 
used during the dicyclohexylcarbodiimidacatalyzed coupling of a tert-bu- 
tyloxycarbonylamino acid to the growing peptide attached to a benzhydryl- 
amide resin. The tert-butyloxycarbonyl protecting groups are removed at 
each stage with trifluoroacetic acid. The nona- or decapeptide is cleaved 
from the resin and deprotected by use of HF. The crude peptide is puri- 
fied by the usual techniques, e.g.. gel filtration and partition chroma- 
tography and optionally lyophilization. See also D.H. Coy et al.. J. 
Med. Chem. 19, pages 423-425 (1976). 
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Antiandrogens useful in the combination therapy of the invention 
also include but are not limited to flutamide (available from 
Schering-Plough Corp., Kenilvorth, New Jersey, under trade name EULEXDO , 
Nilutamide (available from Roussel of Paris, France, under trade name 
ANANDRON) , cyproterone acetate (available from Schering AG, Berlin tinder 
trade name ANDROCUR) , Casodex available from ICI Pharmaceuticals , 
Macclesfield, England. Preferably, the antiandrogen has, as part of its 
molecular structure, a substituted or unsubstituted androgenic nucleus, 
and as another part of. its molecular structure, the side-chain 
-R' [-B-R*-] x L-C as defined above. Numerous syntheses of the preferred 
compounds set forth in the U.S. patent application of Labrie and tterand 
entitled "Androgen Derivatives for use in the inhibition of sex steroid 
activity 11 which is being executed on even date herewith, the entire 
disclosure of which is hereby incorporated by reference as though fully 
set forth herein. A preferred antiandrogen is 




EM 101 



(x - 10) 

which may be synthesized (for example) as set forth below. 



SUBSTITUTE SHEET 



WO 91/00731 



39 

Example 2 



PCI7CA90/00210 



Synthesis of N-butyl, IHnethyl- 1 1- C 17 ' p-hydroxy-4 - -andronten-3 ' -cn-7 ' a- 
yl) undecanamide (EH 101) (5, x-10) (Scheme 1) 



170-acetoxy-7a- ( 11 ' - hy droxy undecanyl ) -A-androsten-3-ona 



(2) 



Under argon atmosphere, in a flame dried apparatus with magnetic 
stirrer, a solution of 11-bromo undecanol tetrahydropyranyl ether (25 g. 
74 mmol) in anhydrous THF (ISO ml) was added dropwiw to iodine-activated 
magnesium (1.9 g).The mixture vas kept at room temperature overnight and 
then was cooled to -30'C and anhydrous cuprous chloride (0.3 g) was added 
quickly. After 45 min.of strirring at this temperature, commercial 4,6- 
androstadien-17B-ol-3-one acetate (1) do g. 30.5 mmol) in anhydrous 
THF (100 ml) was added dropwiao during A h. After 35 min. acetic acid 
(6 ml) and water (100 ml) was added. The mixture was allowed to reach 
room temperature and was stirred overnight. Afterwards, the organic com- 
pound was extracted with ether (3X). The organic layers were washed with 
water, dried on magnesium sulfate and evaporated. The residue was dissol- 
ved in acetic acid (35 ml) and water (100 ml) and kept 48 h at room tem- 
perature. And then, the organic compounds were extracted with ether (3X). 
The organic layers were washed with saturated sodium bicarbonate solution 
«nd water, dried on magnesium sulfate and evaporated. The product was 
purified by Silica gel dry column chromatography (Kieselgel. 60F254. 
Merk, 0.063- 0.200 mm, 150 g) . Elution with a mixture of methylene chlo- 
ride and ethyl acetate (20:1 v/v) gave 17p- aC etoxy-7a- (11- -hydroxy-tmde- 
canyl)-4-androsten-3-one (2a. 1.46 g, 2.8 mmol. 9.2X) as a colorless 
0il; IR v aax n8at 3A50 « 17 *°. 16 85. "20 and 1245 cm-»; NMR 0.84 ( s . 3H . 
18'-GH S ). 1.21 (s. 3H. 19--CE,), 2.05 (s.3H. OCOCH,). 3.61 (t. 2H. 
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J-6.59 Hz, H-C.l'), 4.61 (t. 1H. J-7.69 Hz, H-C.17) and 5.73 (s. 1H, 
H-C.4) and 170-acetoxy-7p- ( 11 ' -hydroxy undecanyl ) -4-androsten-3-one 
(2b, 0.9 g. 1.7 asnol. 5.6%) as a colorless oil. 

1 1- ( 17 ' B-acetaxy-4 ' -androsten-3 1 -tm-7 ' a-yl ) lmdecanoic acid (3) 

To 17p-acetoxy-7a- (11' -hydroxy undecanyl) -4-androsten-3-one (2a, 
800 ag, 1.6 snol) dissolved in acetone (50 ml) and cooled to 0»C was 
added under stirring daring 5 min. a solution of Jones' reagent (8M 
chronic acid solution) (0.283 ml) . After 15 min, isopropanol (0.5 ml) was 
added followed by water and the mixture was extracted with ethyl acetate 
(3X). The organic layers were washed with brine, dried on magnesium 
sulfate and evaporated to dryness under redueed pressure. The crude 
ll-(17 , B-acetoxy^ , -androsten-3«-on-7 , a-yl) undecanoic acid (3) (740 
mg) was used in the next step without purification. 

H-butyl. H-«ethyl-ll-( 17' B-acatoxy-4 '-androstan-3 «-on-7 ' 0-7!) nudecana- 
mide (4) 

To a solution of the above undecanoic acid derivative 3 (390 mg, 
0.78 rnmol) in anhydrous methylene chloride (8 ml) cooled at.-WC vas 
added, under stirring, triisobutylamine (240 ul) and isobutylehlorofor- 
mate (140 yl). After 30 min, N-methylbutylamine (1.8 ml) vas added and 
the mixture was stirred at room temperature for 1 h. Methylene chloride 
was added. The organic solution vas washed with 1H hydrochloric acid, 
water, saturated sodium bicarbonate solution and finally with water, 
dried on magnesium sulfate and evaporated to dryness. The residue was 
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chromatographed on silica gel (Kieselgel, 60F254. Merck, 0.063-0.200 ma, 
20 g). Elution with a mixture of diethyl ether and methylene chloride 
(1:20, v/v) gave K-butyl, N-aethyl- 11- ( 17 ' p-acetoxy- A ■ -andros ten-3 • - on - 
7'«-yl) undecanaaide 4 (230 mg, 0.39 maol. 46% for the alcohol 
( 2a )) as a colorless oil; IR ^ nMt 17A0 , 1680f 16AQ ^ ^ 
cm-; NHR 0.84 (s. 3H. IB'-CH,). 0.95 (t. 3H. J-6.93 Hz, H-CCH,),^) , 
1.21 (s. 3H, 19-CH,), 2.04 (s. 3H. OCOCH,) , 2.91 and 2.97 (2s, ^h. 
H-CH,). 3.26 and 3.36 (2t. 2H. J-7.86 Hz. N-CH^H,). 4.61 (t, 1H. J-8.42 
Hz. H-C.17') and 5.72 (s. 1H. H-C.4'). 

H-butyl. H-mathyl-11- ( 17 • B-hydroxy-4 • -androsten-3 ' -on-7 ' a-yl) m ^ 
(5) (EH 101) 



The above acetexy amide 4 (170 mg. 0.29 mol) vas dissolved in 
methanol (20 ml) and 6X potassium carbonate (2 ml) and heated at 65«C for 
200 min. After cooling, acetic acid (1 ml)- and water (150 ml) were added 
and the mixture was extracted with ethyl acetate (3X). The organic layers 
vere washed with water, dried on magnesinm sulfate and evaporated to 
dryness. The residue was purified by Silica gel dry column chromatography 
(Kieselgel. 60P254, Herk. 0.063-0.200 ma. 20 g). Elution with a mixture 
of diethyl ether and methylene chloride (1:9. v/v) gave H-butyl-H-aethyl- 
11- ( 17 • B-hydroxy-4 ' -androsten-3 1 -on-7 ' a-yl) undecanamide (EM 101. 94 mg, 
0.17 maol. 58X) a. a colorless oil: IR (neat) 3400. 1670 and 1640 
em-*; HMR 0.80 (s. 3H. 18'-CH,), 0.95 (t.3H. J-6.75 Hz. N- (CH, ) ,CH , ) . 
1.21 (s. 3H. 19--CH,). 2.91 end 2.97 (2s. 3H. H-CH,). 3.25 end 3.35 (2t. 
2H. J-7.3HZ. H-S jCl H T ). 3.67 (t. 1H. J-8.18, H-C.17') and 5.72 (s. 1H. 
H-C.4'). 
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SCHEME I 

OAC OAc 




EH 101 (x-10) 
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In this invention, the 5cx-reductase inhibitor, the antiestrogen, the 
inhibitor of 17p-hydroxysteroid dehydrogenase activity and where 
applicable, the antiandrogen and LHRH agonist or antagonist are adminis- 
tered as pharmaceutical compositions via topical, parenteral or oral 
means. The LHRH agonist or antagonist is administered parenterally, i.e., 
intramuscularly, subcutaneous ly or intravenously by injection or infusion 
by nasal drops or by suppository. The LHRH agonist or antagonist may also 
be microencapsulated in or attached to a biocompatable, biodegradable 
polymer, e.g., poly(d,l-lactide-co-glycolide) and subcutaneous ly or 
intramuscularly injected by a technique called subcutaneous or intramus- 
cular depot to provide continuous, slow release of the LHRH agonist or 
antagonist over a period of 30 days or longer. The most preferred route 
of a dmini stration of -the LHRH agonist or antagonist is subcutaneous or 
intramuscular depot injection. Preferably the antiestrogen will be admi- 
nistered orally. Preferably, the 5a-reduetase inhibitor, the antiandro- 
gen, the antiestrogen, the inhibitor of 17 p- HSD can also be administered 
orally. The antiestrogen and an inhibitor of 170-HSD can also be adminis- 
tered in a slow release formulation, e.g. poly(d,l-lactide-coglycolide) 
or as implants. 

The amount of each component administered is determined by the 
attending clinicians taking into consideration the etiology and severity 
of the disease, the patient's condition and age, the potency of each 
component and other factors. According to this invention, the following 
dosage ranges are suitable. 
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The LHRH agonist or antagonist is generally administered at from 
about 10 to S000 ug per day with contemplated dosage ranges of about 10 
to 1500 ug per day and about 250 (preferably 50 ug to 500 ug per day) for 
the LHRH agonist and to about 100 to 2000 ug per day for the LHRH antago- 
nist being preferred. 

The LHRH agonist or antagonist may be administered subcutaneous ly in 
a daily dose of 500 ug for the first 30 days and thereafter subcuta- 
neous ly in a daily dose of 250 ug regardless of the patients' body 
weight, fflien the LHRH agonist or antagonist is administered, once every 
30-day period is used, with a dose of 750 to 15,000 ug per 30-day period 
being preferred. Similar daily delivery doses are used for longer-term 
controlled release formulations. 

The inhibitors of 17p-HSD are preferably administered in dosages 
ranging from about 0.1 to 25 mg/kg per day with 200 mg per day in two 
equally divided doses being preferred. 

The antiestrogen compositions are administered in a dosage range of 
about 0.05 to 25 mg/kg body weight per day, with 20 mg, especially 40 mg, 
in two equally divided doses being preferred. 

The 5a-reductase inhibitor compositions are administered in a dosage 
ranging from 0.1 to 25 mg/kg per day with 50 mg per day in two equivalent 
doses being preferred. 
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The antiandrogen and aromatase inhibitor compositions are administe- 
red in a dosage range of 0.5 to 25 ag/kg body weight per day with 750 mg 
per day in three equally divided doses being preferred. 

The LHRH agonist or antagonist, antiestrogen, antiandrogen. an inhi- 
bitor of aromatase, an inhibitor of 17B-RSD each may be administered 
separately or when the modes of administration are the same, all or at 
least two of them may be administered in the same composition, but in any 
case the preferred ratio of LHRH agonist to antiestrogen. to antiandrogen 
to inhibitor of 17B-HSD and administered daily will be about 250 ug of 
LHRH agonist to about 750 mg of antiandrogen. about AO mg of antiestro- 
gen, to about 40 mg of inhibitor of 17p-HSD. 

A preferred therapy of benign prostatic hyperplasia includes the 
administration of an antiestrogen, an inhibitor of 17B-HSD, an inhibitor 
of aromatase and an inhibitor of 5«-reducta... in severe cases, an 
antiandrogen and either an LHRH agonist or antagonist is (are) added. 
The dosages preferable are as follows: the LHRH agonist or antagonist is 
generally administered at from about 10 to 2000 w per day. with contem- 
plated dosage range, of 10 to 500 ug per day. 50-250 pg per day and 250 
to 500 Ug per day being preferred. In the most preferred embodiment of 
this aspect of this invention, the LHRH agonist or antagonist is adminis- 
tered subcut«ieou.ly in a daily dose of 500 ug for the first 30 days and 
thereafter subcutaneously in a daily dose of 250 ug regardless of the 
patients' body weight. When the LHRH agonist or antagonist is administer, 
ed. once every 30-day period, by intramuscular or subcutaneous depot 
injection, a dose from about 300 to 60000 (occasionally 10000) ug per 
30-day period is used, with a dose of 750 to 2000 ug per 30-day period 
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being preferred. The antiandrogen composition is generally administered 
in a dosage range of about 0.5 to 25 mg/kg (body weight) per day with 400 
especially 750 mg per day in three equally divided doses being 
preferred. 

The antiestrogen and inhibitor of 170-HSD activities are admini- 
stered in a dosage range of about 0.1 to 25 mg/kg body veight per day, 
with 100 mg in tyo f preferably with 50 mg in two, equally divided doses 
being preferred* 

The LHBH agonist or antagonist, antiandrogen, antiestrogen, 5a-re- 
ductase inhibitor , inhibitor of 17fJ-HSD, inhibitor of aromatase, each may 
be administered separately or when the modes of administration are the 
same, all or two or three of them say be administered in the same compo- 
sition, but in any cue the preferred ratio of LHRH agonist to antian- 
drogen to antiestrogen administered daily will be about 750 \ig of T.HPq 
agonist to about 250 mg of antiandrogen to preferably 40 mg of antiestro- 
gen* 

In the therapy of BPH, according to this invention, it is preferred 
that the LHRH agonist is [D-Trp*, des-Gly-HH , * 0 ] LHRH ethylamide be 
administered sub cutaneous ly in single daily dose of 500 yg for the first 
thirty (30) days of treatment and thereafter in a single daily dose of 
250 jig. 

In the c om b in ation therapy of BPH according to this invention, the 
administration of the antiandrogen, antiestrogen, inhibitor of 17P-HSD, 
inhibitor of 5a-reductase, inhibitor of aromatase, LHRH agonist or LHRH 
antagonist can Be started in any order of sequence. Preferably, the 
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administration of the antiandrogen and 5o-reductase inhibitor, are 
started before (preferably two to four hours before) the administration 
of the LHRH agonist or LHRH antagonist is started. Preferably, the 
administration of the inhibitor of 17B-HSD is started on the same day as 
the administration of the LHRH agonist or LHRH antagonist. However, the 
attending clinician may elect to start adminsitration of the LHRH agonist 
or antagonist simultaneously with the antiandrogen, antiestrogen and 
inhibitor of 17B-HSD. 



The LHRH agonists or antagonists useful in the present invention are 
typically amorphous solids which are freely soluble in water or dilute 
acids, e.g., HC1, H,S0 4 , citric, acetic, mandelie or fumaric. The LHRH 
agonist or antagonist for subcutaneous injection is supplied in vials 
containing- 5 ml of sterile solution with the LHRH agonist or antagonist 
at a concentration of about 1.0 mg/ml. 

A typical pharmaceutical composition of the LHRH agonist or antago- 
nist includes the LHRH agonist or antagonist or a pharmaceutically accep- 
table acid salt thereof, benzyl alcohol, a phosphate buffer (pH 6.0-6.5) 
and sterile water. 

The LHRH agonist or antagonist for intramuscular or subcutaneous 
depot injection may be microencapsulated in a biocompatible, biodegrada- 
ble polymer, e.g., poly (d.l-lactide-co-glycolide) by a phase separation 
process or formed into a pellet. The microspheres may then be suspended 
in a carrier to provide an injectable preparation or the depot may be 
injected in the form of a pellet. See also European patent application 
EPA Mo. 58,481 published Aug. 25. 1982 for solid compositions for subder- 
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mal injection or implantation or liquid formulations for intramuscular or 
subcutaneous injections containing biocompatible, biodegradable polymers 
such as lactide-glycolide copolymer and an LHRH agonist, e.g. D-Ser-t- 
BuO«, Azgly*°-LHRH. These formulations permit controlled release of the 
peptide. 

The inhibitors of 17p-HSD, aromatase and 5a-reductase are typically 
compounded in customary ways for oral administration, e.g., in tablets, 
capsules and the like. These compounds useful in the present invention 
are typically formulated with conventional pharmaceutical exeipients, 
e.g., spray dried lactose and magnesium stearate into tablets or capsules 
for oral admi n i s tration. The antiestrogens , vhen used vith the invention, 
are typically compounded in customary vays for oral administration, e.g., 
in capsules , tablets, as dragees or even in liquid form, e.g., 
suspensions or syrups. One or more of the active substances, vith or 
without additional types of active agents 9 can be worked into tablets or 
dragee cores by being mixed with solid, pulverulent carrier substances, 
such as sodium citrate, calcium carbonate or dicalcium phosphate, and 
binders such as polyvinyl pyrrolidone, gelatin or cellulose derivatives, 
possibly by adding also lubricants such as magnesium stearate, sodium 
lauryl sulfate, "Carbovax" or polyethylene glycols. Of course, 
taste-improving substances can be added in the case of oral administra- 
tion forms. 

The therapeutically active antiestrogen compound should be present 
in a concentration of about 0.5-90% by weight of the total mixture, i.e. , 
in amounts that are sufficient for mflintnimng the above-mentioned dosage 
range. 
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As further forms, one can use plug capsules, e.g., of hard gelatin, 
as well as closed soft-gelatin capsules comprising a softener or plasti- 
ciser, e.g. glycerine. The plug capsules contain the active substance 
preferably in the form of granulate, e.g., in mixture with fillers, such 
•s lactose, saccharose, mannitol, starches, such as potato starch or 
amylopectin. cellulose derivatives or nightly-dispersed silicic acids. In 
soft-gelatin capsules, the active substance i, preferably dissolved or 
suspended in suitable liquids, such as vegetable oils or liquid polyethy- 
lene glycols. 

In place of oral administration, the active compounds may be admini- 
stered parenteral^. In such ewe, one can use a solution of the active 
substance, e.g., in s^e oil or olive oil. On. or more of the active 
substances (antiestrogen or inhibitor of 17fS-HSD can be microencapsulated 
in or attached to a biocompatible, biodegradable polymer, e.g. 
P oly(d.l-lactide-co-glycoUde) and subcutaneously or intramuscularly 
injected by a technique called subcutaneous or intramuscular depot to 
provide continuous slow release of the compound(s) for a period of 2 
weeks or longer. 

The LHKH agonist may be [D-Trp « , dea-Gly-HH a 1 0 ] LHRH ethylamide which 
is administered subcutaneously in single daily dose of 500 ug for the 
first thirty (30) days of treatment and thereafter in a single daily dose 
of 250 ug: the antiandrogen is EM 101 which is administered orally in 
three equally divided daily doses of 250 ag: and the inhibitor of a« 
steroid biosynthesis is EM 139 and/or MK 906 administered orally in two 
squally divided doses of 50 mg every 12 hours. 
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The inhibitor(s) of sex steroid biosynthesis and the antiandrogen 
are preferably administered to a male in need of BPH treatment of this 
invention two to four hours before the LHRH agonist or antagonist is 
administered, but the at tending clinician may elect to start 
administration of the LHRH agonist or antagonist, the antiandrogen and 
the inhibitor of steroid biosynthesis simultaneously. When the sex 
steroid inhibitor 5a-reductase inhibitor, aromatase inhibitor and/or 
antiestrogens, use of antiandrogens or either are particularly effective, 
chemical (LHRH agonist or antagonist) castration may be avoided. 

The term "sex steroid nucleus" includes estrogenic and androgenic 
nuclei. 

As used herein, the term "androgenic nucleus" includes any compound 
vhich, in the absence of the side chain substituent specified herein 
(RH-B-RM LHS) , is capable of acting as an androgen as determined by a 
weight increase of at least 35 percent over a seven-day period of the 
ventral prostate of castrated rats treated with the compound in question 
(15 milligrams twice daily per 100 grams of body weight) versus a control 
group of castrated rats. Treatment should start on the day of castration. 
The precise test, other than any parameters set forth in this paragraph, 
is that reported in Labrie et al., J. Ster. Biocham. 28, 379-384, 1987. 

As used herein, the term "estrogenic nucleus" includes any compound 
which, in the absence of the side chain substituent specified herein 
(R*[-B-R*-l L-G), is capable of acting as an estrogen as determined by a 
weight increase of at least 100 percent over a seven-day period of the 
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uterus of ovariectomy rats treated with the coapound in question (0.5 
mg twice daily per 100 grams of body weight) versus a control group of 
ovariectomized rats. Treatment should start on the day of castration. 
The precise test, other than any parameters set forth in this paragraph, 
is that reported in Simard et al.. Mol. Endocrinol. 2: 775-784 (1988). 

The following conventions apply to structural formulae set forth 
herein. Unless specifically designated to the contrary, substituents may 
have either a or B stereodandstry or. where valence permits, may repre- 
sent one substituent in a position and another in p position. Presence 
of optional double bonds are independent of each other. All structures 
include salts thereof. Atoms of any sex steroid nucleus for which no 
substituent is shown or described may optionally be substituted or 
unsubstituted so long as such substitution does not prevent the nucleus 
from functioning as a -sex steroid nucleus- as defined herein. Those 
atoms having a defined substituted may optionally be further substituted 
by other substituents where their valenee permits such further 
substitution. As used herein, the term "lower", when describing a 
chemical moiety means a moiety having 8 or fewer atoms. For instance, a 
"lower alkyl« means a C, to C, alkyl. Any moiety of more than two atoms 
My bB ,trai 8 ht - or branehed-ehain unless otherwise specified. 

The term -sex steroid formation inhibitor" includes both androgen 
and estrogen formation inhibitors and. encompasses any compound which 
Inhibits the biosynthesis of active sex steroids or their precursors. One 
mechanism by which sex steroid formation inhibitors act is by blocking 
•nzymes which catalyze production of natural sex steroids (e.g. dihydro- 
testosterone), 17 P -estradiol and androst-5-ene-3p-17B-diol or precursors 
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to such sex steroids (e.g. androstenedione) . Examples of such sex steroid 
formation inhibitors are compounds capable of blocking the enzymatic 
activity of, for example, 5a-reductase f 3p-hydroxysteroid dehydrogenase, 
17p-hydroxysteroid dehydrogenase or aroma tase. 

The terms and descriptions used herein are preferred embodiments set 
forth by way of illustration only, and are not intended as limitations on 
the many variations which those of skill in the art will recognize to be 
possible in practicing the present invention as defined by the following 
claims: 
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WHAT IS CLAIMED IS: 



2. 



A method of preventing and/ ox treating benign prostatic hyperplaaia 
CBPH) in human or other warm-blooded animals in need of such 
treatment wherein said method comprises administering to said animal 
therapeutically effective amounts of two or more compounds selected 
from the group consisting of a 5 «-r.ductase inhibitor, an 
antiestrogen, an aromatase inhibitor and a 17 P -hydroxysteroid 
dehydrogenase (17B-HSD) inhibitor. 

The method of claim 1 wherein at least one compound selected from 
the group consisting of a 5o-reductase inhibitor, an antiestrogen. 
an aromatase inhibitor and a 170-HSD inhibitor is administered 
orally, together with a pharmaceutically acceptable oral carrier. 

The method of claim 1 wherein at W one compound selected from 
the group consisting of a 5a-reductase inhibitor, an antiestrogen. 
an aromatase inhibitor, a 17&-HSD inhibitor and an antiandrogen is 
administered parenteral^, together with a pharmaceutically 
acceptable parenteral carrier. 



4. The method of claim 1 wherein the 5«-reductase irtxibitor is MK-906 
and pharmaceutical compositions thereof. 



5. The method of claim l wherein the 5e-reductase inhibitor is A-HA. 

6. The method of claim 1 wherein the antiestrogen is (Z) -2- [4- (1.2- 
diphenyl-l-butenyl)phenoxy3-H,H-dimethylethanamine. 



3. 
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7. The method of claim 1 where in the antiestrogen is N-butyl, 
N-methyl-^-(16 , a-chloro-3 , , 17'p-dihydroxy estra-1 1 ,3' ,5' (lO^trien- 
7'a-yl) undecanamide ("EH 139"). 

8. The method of claim 1 wherein the antiestrogen is N-butyl, 
N-methyl-12 t 13-bis(4i-hydro3q^phenyl)-12-pentadecenamide ("EM 142") . 

9. The method of claim 1 vherein the aromatase inhibitor is 
6-methylenandrosta-l,4-diene-3 f 17-dione ("FCE 24304") , 

10. The method of claim 1 wherein the aromatase inhibitor is 
4-hydroxyandros t enedione • 

11. The method of claim 1 wherein said inihibitor is selected from the 
group consisting of N-butyl f M-methyl-ll-(16 t a-chloro-3 , f I7«p- 
dihydroxy estra-1 1 t 3 f ,5' ClO'j-trian^o-yl) undecanamide ("EH 139"). 
N-butyl t N-methyl-ll-(16 l o-chloro-3 , i 17 , o-dihydroxy estra-l f $ 2\5 % - 
(10 f )^trien-7 f a-yl) undecanamide ("EH 170") t N-butyl, N-methyl-11- 
( 16 ' o-bromo-3 \ 17 1 a-dihydroxy estra-1 • . 3 9 , 5 ■ . ( 10 • ) -trien-7 ' a-yl) 
undecanamide ("EM 171"), N-butyl, N-methyl-ll-(3M7 f p-dihydroxy- 
le'-metbylen estra-l' , 3\5' UOM-trien^'a-yl) undecanamide ("EH 
186"), N-butyl f H-methyl- 1 1- ( 3 1 -hydroxy-16 1 -methylen estra-l\3 f ,5'- 
UO^-trien-n'-on^'oTrl) undecanamide ("EM 175"). 170-hydroxy-17a- 
( 12-iodo-dodecynyl) androst-4-en-3-one C"EH ISO") and N-butyl, 
N-oethyl-12 . 13-bis (4-hydroxyphenyl) -12- pentadecanamide ("EM 142"). 
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12. The method of claim 11 wherein said inhibitor is administered at a 
daily dose of berween 5 and 200 milligrams. 



13. 



A method of preventing and/or treating benign prostatic hyperplasia 
CBPH) in humans or other warm-blooded animals in need of such 
treatment which comprises administering to said animal 
therapeutically effective amounts of 5o-reductase inhibitor and one 
or more compounds selected from the group consisting of an 
antiestrogen, an aromatase inhibitor and a 170-hydreacysteroid 
dehydrogenase inhibitor. 



14. The method of claim 13 wherein the 5a-reductase inhibitor is MK-906 
and pharmaceutical compositions thereof. 



15 The method of claim 13 wherein the 5a-reductase 



inhibitor is 4 -MA. 



16. The method of claim 13 wherein the antiestrogen is (Z) -2- [4- (1.2- 
diphenyl-l-butenyl)phenoxy] -H , N-dimathy lethanamine . 

17. The method of claim 13 where in the antiestrogen is N-butyl, 
H-mathyl-1 1- ( 16 1 o-chloro-3 1 . 17 ' 0-dihydroxy estra-1' .3* ,5* (lO')trien- 
7'a-yl) undecanamide ("EM 139"). 

18. The method of claim 13 wherein the antiestrogen is N-butyl, 
N-ma thy 1-12 , 13-bis (4-bydroxyphenyl) -12-pentadecenamide ("EM 142"). 
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19 • The method of claim 13 wherein the aromatase inhibitor is 
6-methylenandrosta-l f 4-diene-3,17-dione ("FCE 24304"). 

20. The method of claim 13 wherein the aromatase inhibitor is 
4-hydr oxyandr os t enedione • 

21. The method of claim 13 wherein said inihibitor is selected from the 
group consisting of N-butyl . M-methyl-ll-( 16 1 a-chloro-3 1 t 17 1 p- 
dihydroxy estra-1 1 ,3* .5 1 (lO-trien^'a-yl) undecanamide ("EM 139"), 
N-butyl , N-aethyl-1 1- ( 16 1 a-chloro-3 1 f 17 1 a-dihydroxy estra-1 ' f 3 1 1 5 ' - 
(lO^-trien-y'trTrl) undecanamide ("EH 170"), N-butyl, N-methyl-11- 
(16 , a-bromo-3 , 1 17' a-dihydroxy estra-1' ,3' ,5' ,(10 , )-trien-7'a-yl) 
undecanamide ("EH 17D, N-butyl, N^thyl-ll-(3\17 , p-dihydroxy- 
le'-methylen estra-1 1 ,3' ,5* UOM-trien^'a-yl) undecanamide ("EH 
186") f N-butyl t M-methyl-1 1- (3 1 -hydroxy- 16 ' -mathylen estra-l\3\5'- 
(lO'J-trianrri'-onrT'o-yl) undecanamide ("EM 175") , 17p-hydroxy-17a- 
( 12-iodo-dodecynyl) androst-4-en-3-one ("EH 150") and N-butyl f 
N-methyl-12 f 13-bis (4-hydroxyphenyl) -12- pentadecanamide ("EH 142"). 

22. A method of preventing and/or treating benign prostatic hyperplasia 
(BPH) in humans or other warm-blooded animals in need of such 
treatment which comprises administering to said animal 
therapeutically effective amounts of 5o-reductase inhibitor and an 
antieatrogen. 

23. The method of claim 22 wherein the 5a-reductase inhibitor is MK-906 
and pharmaceutical compositions thereof. 
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24. The method of claim 22 wherein the 5<x-reductase inhibitor is 4-MA. 

25. The method of claim 22 wherein the antiestrogen is CZ)-2-[4-(i,2- 
diphenyl- 1-butenyl ) phenoxy] -N ,H-dimethylethanamine . 

26 The method of claim 22 wherein the antiestrogen is N-butyl, 
H-methyl-1 1- ( 16 ■ a-chloro-3 1 . 17 • B-dihydroxy estra-1' ,3' ,5' (lO')trien- 
7'o-yl) undecanamide ("EM 139"). 

27. The method of claim 22 wherein the antiestrogen is N-butyl. 
N-methyl-12,13-bis(4-hydrox^henyl)-12-pentadecenamide ("EM 142"). 

28. A method of preventing and/or treating benign prostatic hyperplasia 
(BPH) in humans or other warm-blooded animals in need of such 
treatment which comprises administering to said animal 
therapeutically effective amounts of a 5ct-reductase inhibitor and an 
aromatase inhibitor. 

29. The method of claim 28 wherein the 5o-reductase inhibitor is MK-906 
and pharmaceutical compositions thereof. 

30. The method of claim 28 wherein the 5o-reductase inhibitor is 4-MA. 

31. The method of claim 28 wherein the aromatase inhibitor is 
6-mathylenandrosta-l , 4-diene-3 , 17-dione ("FCE 24304"). 
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32. The method of claim 28 wherein the aromatase inhibitor is 
4-hydroxyandrostenedione . 

33. A method of preventing and/or treating benign prostatic hyperplasia 
CBPH) in humans or other warm-blooded animals in need of such 
treatment which comprises administering to said animal 
therapeutically effective amounts of Sa-reductase inhibitor, an 
antiestrogen and an aromatase inhibitor. 

34. The method ;pf claim 33 wherein the Sa-reductase inhibitor is MK-906 
and pharmaceutical compositions thereof. 

35. The method of claim 33 wherein the Sa-reductase inhibitor is 4-MA. 

36. The method of claim 33 wherein the antiestrogen is (Z)-2-{4-(l,2- 
diphenyl-l-butenyl)phen^ 

37. The method of claim 33 where in the antiestrogen is N-butyl , 
N-n»thyl-ll-(16'a-chloro-3' ,17-p-dihydroxy estra-1' t 3 • ,5« (10«)trien- 
7'a-yl) undecanandde ("Ell 139"). 

38. The method of claim 33 wherein the antiestrogen is N-butyl t 
N-methyl- 12 , 13-bis ( 4-hydrcxyphenyl ) - 12-pentadecenamide ("EK 142") . 

39. The method of claim 33 wherein the aromatase inhibitor is 
6-methylenandrosta- 1 , 4-diene-3 , 17-dione ( "FCE 24304" ) . 
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AO. The method of claim 33 wherein the aromatase inhibitor is 
4-hydroxyandros tenedione . 

41. A method of preventing and/or treating benign prostatic hyperplasia 
CBPH) in humans or other warm-blooded animals in need of such 
treatment which comprises administering to said animal 
therapeutically effective amounts of 5a-reductase inhibitor, an 
antiestrogen, and a 17p-hydroxysteroid dehydrogenase inhibitor. 

42. The method of claim 41 wherein the 5a-reductase inhibitor is MK-906 
and pharmaceutical compositions thereof. 

43. The method of claim 41 wherein the 5a-reductase inhibitor is 4-MA. 

44. The method of claim 41 wherein the antiestrogen is (Z)-2-[4-(l,2- 
diphenyl-l-butenyl) phenoxy] -N f N-dimet&ylethanamine . 

45. The method of claim 41 where in the antiestrogen is N-butyl, 
N-methyl-li- ( 16 • a-chloro-3 \ 17 • p-dihydroxy estra-l« f 3 f ,5* (W)trien- 
7'a-yl) undecanamide ( n EH 139"). 

46. The method of claim 41 wherein the antiestrogen is N-butyl f 
H^ethyl-12 f 13-bis(4-hydroxyphenyl)-12-pentadecenamide ("EM 142"). 
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47. The method of claim 41 wherein said inihibitor is selected from the 
group consisting of N-butyl , M-me thy 1-11- ( 16 1 a-chlorb-3 • . 17 » p- 
dihydroxy estra-1 \3\5 M 10') -trien-7'a-yU tindecanamide ("EM 139"), 
N-butyl , N-methyl-11- { 16 1 a-chloro-3 f , 17 • a-dihydroxy estra-1 • , 3 • , 5 ■ - 
(lOM-trierWa-yl) undecanamide ("EM 170 n ) , N-butyl, N-methyl-11- 
( 16 1 a-bromo-3 1 f 17 1 <x-dihydroxy estra-1 f , 3 1 1 5 1 1 ( 10 ■ ) -trien-7 1 a-yl) 
undecanamide ("EM 171"), N-butyl, N-methyl- 1 1- (3 ' , 17 ' p-dihydroxy- 
le'-rmethylen estra-1* ,3' ,5* CIO') -trien-7 1 o-yl) undecanamide ("EM 
186"), N-butyl, M-methyl-11- (3 f -hydroxy-16 ■ -methylen estra-1 1 ,3 f t 5 
(lO-trien-H'-on^'a-yl) undecanamide ("EM 175"), 17p-hydroxy-17a- 
( 12-iodo-dodecynyl) androst-4-en-3-one ( "EM 150" ) and N-butyl , 
N-methyl-12 f 13-bis(4-hydroxyphenyl)-12- pentadecanamide ("EM 142") . 

48. The method of claim 1 further conprising the step of administering 
an antiandrogen. 

49. The method of* claim 48 wherein the 5a-reductase inhibitor is MK-906 
and pharmaceutical compositions thereof. 

50. The method of claim 48 wherein the 5a-reductase inhibitor is 4-MA. 

51. The method of claim 48 wherein the antiestrogen is (Z)-2-[4-(l,2- 
diphenyl- 1-butenyl ) phenoxy] -N,N-dimethyleth«TiMTii . 

52. The method of claim 48 where in the antiestrogen is N-butyl, 
N-methyl-11- ( 16 ' a-chloro-3 ' , 17 1 p-dihydroxy estra-1 ■ , 3 9 , 5 1 ( 10 • ) trien- 
7 f a-yl) undecanamide ("EM 139"). 
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53. The method of claim 48 wherein the antiestrogen is N-butyl, 
N-methyl-12,13-bis(4-hydroxyphenyl)-12-pentadecenamide ("EM 142"). 

54. The method of claim 48 wherein the aromatase inhibitor is 
6-methylenandrosta-l , 4-diene-3 , 17-dione ( "FCE 24304" ) . 

55. The method of claim 48 wherein the aromatase inhibitor is 
4-hydroxyandrostenedione . 

56. The method of claim 48 wherein said inihibitor is selected from the 
group consisting of N-butyl, M-methyl-ll-(16'a-chlcro-3' ,17'B- 
dihydroxy estra-1' ,3' ,5' (10')-trien-7'o-yl) undecanamide ("EM 139"), 
N-butyl, N-methyl-ll-de'o-chloro-S'.n'o-dihydrojcy estra-1' ,3* , 5'- 
(10')-trien-7'a-yl) undecanamide ("Eh* 170"), N-butyl, N-methyl-11- 
(16'a-bromo-3\17'a-dihydroxy estra-1* ,3* ,5' , (10')-trien-7«o-yl) 
undecanamide ("EM 171"), N-butyl, Nmethyl-ll-(3« ,17'p-dihydroxy- 
16'-methylen estra-1* ,3\5' (10')-trien-7'a-yl) undecanamide ("EM 
186"), N-butyl, M-methyl-11- (3 '-hydroxy 16' methylen estra-1' ,3' ,5'- 
( 10 ' ) -trien- 17 • -on-7 ' a-yl ) undecanamide ("EM 175"), 17B-hydroxy-17o- 
(12-iodo-dodecynyl)androst-4-en-3-one ("EM 150") and N-butyl, 
N-methyl-12,13-bis(4-hydroxyphenyl)-12- pentadecanamide ("EM 142"). 

57. The method of claim 48 wherein the antiandrogen is flutamide. 

58. The method of claim 13 further comprising the step of administering 
an antiandrogen. 



SUBSTITUTE SHEET 



WO 91/00731 



PCT/CA90/00210 



62 

59. The method of claim 58 wherein the 5a-reductase inhibitor is MK-906 
and pharmaceutical compositions thereof. 

60. The method of claim 58 wherein the 5a-reductase inhibitor is 4-MA. 

61. The method of claim 58 wherein the antiestrogen is (Z)-2-[4-(l t 2- 
diphenyl-l-butenyl) phenoxy] -N ,N-dimethylethanamine . 

62. The method of claim 58 where in the antiestrogen is N-butyl t 
N-methyl-ll-Ue'a-chloro-S 1 , 17 1 p-dihydroxy estra-l f ,3' t 5 f UO'Hrien- 
7'c^yl) undecanamide ("EM 129**). 

63. The method* of claim 58 wherein the antiestrogen is N-butyl, 
N^ethyl-22 t 13-bis(4-hydro^henyl)-12-pent^decenamide ("EM 142") . 

64. The method of claim 58 wherein the aromatase inhibitor is 
6-methylenandrosta-l f 4-diene-3 , 17-dione ("FCE 24304"), 

65. The method of claim 58 wherein the aromatase inhibitor is 
4-hydroxyandrostenedione. 

66. The method of Claim 58 wherein the antiandrogen is Flutamide. 

67. The method of claim 58 wherein said inihibitor is selected from the 
group consisting of N-butyl , M-oethyl-11- ( 16 ■ a-chloro-3 ■ , 17 1 p- 
dihydroaqr estra-l t t 3 , ,5 , (10 , )-trien-7 , a-yl) undecanamide ("EM 139"), 
N-butyl. N-methyl-ll-(16'a-chloro-3 f .H^-dihydroxy estra-l\3 f ,5'- 
(i0M-trienr7'a-yl) undecanamide ("Eh 170") . N-butyl t N-methyl-11- 
(16 , ^-brcaio-3\17 , c^ihydra3qr estra-1' f 3 f ,5* . (10' )-trien-7'a-yl) 
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undecanamide ("EM 171"), N-butyl, N-methyl-ll-(3» ,17' p-dihydroxy- 
16'-raethylen estra-1' ,3* ,5' (10' )-trien-7'a-yl) undecanamide ("EM 
186"), N-butyl, M-xne thy l-ll-(3« -hydroxy- 16' -met hylen estra-1' ,3\5»- 
(10 , )-trien-17 , -on-7 , a-yl) undecanamide ("EM 175"), 17p-hydroxy-17a- 
(12-iodo-dodecynyl)androst-4-en-3-one ( n EM 150") and N-butyl, 
N-methyl-12 f 13-bis(4-hydro^phenyl)-12- pentadecanamide ("EM 142"). 

68. The method of claim 22 further comprising the step of administering 
an antiandrogen. 

69. The method of claim 68 wherein the 5o-reductase inhibitor is MK-906 
and pharmaceutical compositions thereof. 

70. The method of claim 68 wherein the 5a-reductase inhibitor is 4-MA. 

71. The method of claim 68 wherein the antiestrogen is CZ)-2-(4-(l t 2- 
dipheny 1 - 1-butenyl ) phenoxy ] -H f H-dimethyl e thanam ine • 

72. The method of claim 68 where in the antiestrogen is N-butyl, 
N-methyl-1 1- ( 16 1 o-chloro-3 ' , 17 • p-dihydroxy estra-l« ,3\5' (lO')trien- 
7'o-yl) undecanamide ("EM 139"). 

73. The method of claim 68 wherein the antiestrogen is N-butyl, 
N-mathyl- 12 . 13-bis (4-hydroxyphenyl ) - 12-pentadecenamide ("EM 142"). 

74. The method of claim 68 where the antiandrogen is flntamide. 
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75. The method of claim 28 comprising, in addition, an antiandrogen. 

76. The method of claim 75 wherein the 5a-reductase inhibitor is MK-906 
and pharmaceutical compositions thereof. 

77. The method of claim 75 wherein the 5o-reductase inhibitor is A-MA. 

78. The method of claim 75 wherein the aromatase inhibitor is 
6-methylenandrosta-l f 4-diene-3 f 17-dione ("FOE 24304*). 

79. The method of claim 75 wherein the aromatase inhibitor is 
4-hydr oxyandros tenedione . 

80. The method of claim 75 where the antiandrogen is flutamide. 

81. The method of claim 33 comprising, in addition, an antiandrogen. 

82. The method of claim 81 wherein the 5a-reductase inhibitor is MK-906 
and pharmaceutical compositions thereof. 

83. The method of claim 81 wherein the 5o-reductase inhibitor is 4-MA. 

84. The method of claim 81 wherein the antiestrogen is (Z)-2-[4-(l,2- 
diphenyl-l-butenyl)phenoxy) -M , H-dimethylethanasdne . 

85. The method of claim 81 where in the antiestrogen is N-butyl, 
N-methyl-1 1- ( 16 ' a-chloro-3 \ 17 • p-dihydroxy estra-1' f 3\5' (10' )trien- 
7 , a-yl) undecanamide ("EM 139"). 
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86. The method of claim 81 wherein the antiestrogen is N-butyl, 
N-methyl-12,13-bis(4-hydro^phenyl)-12-pentadecenamide ("EM 142"). 

87. The method of claim 81 wherein the aromatase inhibitor is 
6-methylenandrosta-l,4-diene-3,17-dione ("FCE 24304"). 

88. The method of claim 81 wherein the aromatase inhibitor is 
4-hydroxyandrostenedione . 

89. The method of claim 81 wherein the antiandrogen is Elutamide. 

90. The method of claim 41 further comprising the step of administering 
an antiandrogen. 

91. The method of claim 90 wherein the 5a-reductase inhibitor is MK-906 
and pharmaceutical compositions thereof. 

92. The method of claim 90 wherein the 5a-reductase inhibitor is 4 -MA. 

93. The method of claim 90 wherein the antiestrogen is (Z)-2-[4-(l,2- 
diphenyl-l-butenyl) phenoxy] -N ,H-diaethylethanamine. 

94. The method of claim 90 where in the antiestrogen is N-butyl. 
N-methyl-11- ( 16 1 a-chloro-3 \ 17 ' p-dihydroxy estra-1' .3' .5' (lO')trien- 
7'e-yl) undecanamide ("EM 139"). 

95. The method of claim 90 wherein the antiestrogen is N-butyl. 
H-methyl-12,13-bis(4-hydroxyphenyl)-12-pentadecenamide ("EH 142"). 
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96. The raethod of claim 90 wherein said inihibitor is selected from the 
group consisting of N-butyl, M-methyl-ll-(16'a-ehlorb-3' ,17'B- 
dihydroxy estra- 1 • , 3 • , 5 • ( 10 ' ) -trien-7 • c-yl ) undecanamide ("EM 139" ) , 
N-butyl, N-methyl-ll-(16'a-chloro-3\17'a-dihydroxy estra-1' .3' ,5' - 
UO-t'rien^'a-yl) undecanamide ("EM 170"), N-butyl, N-methyl-ll- 
( 16 ' a-bromo-3 1 . 17 ■ ct-dihydroxy estra-1 • , 3 ■ , 5 • , ( 10 • ) -trien-7 1 o-yl ) 
undecanamide ("EM 171"), N-butyl, N-methyl-ll-(3' , 17 • p-dihydroxy- 
16«-methylen estra-1* ,3" .5' (10* )-trien-7 'o-yl) undecanamide ("EM 
186"), N-butyl, M-methyl- 1 1- ( 3 ' -hydroxy- 1 6 1 -methylen estra-1' .3' ,5'- 
(10')-trien-17'-on-7«a-yl) undecanamide ("EM 175"), 17p-hydroxy-17o- 
(12-iodo-dodecynyl)androst-4-en-3-one ("EM 150") and N-butyl, 
N-methyl-12,13-bis(4-hydroxyphenyl)-12- pentadecanamide ("EM 142"). 

97. The method of claim 1 futher comprising the step of administering 
an LHRH agonist or antagonist. 

98. The method of claim 13 further comprising the step of administering 
an LHRH agonist or antagonist. 

99. The method of claim 22 further comprising the step of administering 
an LHBH agonist or antagonist. 

100. The method of claim 28 further comprising the step of administering 
an LHRH agonist or antagonist. 

101. The method of claim 33 further comprising the step of administering 
an LHBH agonist or antagonist. 
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102. The method of claim 41 further comprising the step of administering, 
an LHUH agonist or antagonist. 

103. The method of claim 1 further comprising the step of administering 
an antiandrogen and an LHSH agonist or antagonist. 

104. The method of claim 13 further comprising the step of administering 
an antiandrogen and an LHSH agonist or antagonist. 

105. The method of claim 22 further comprising the step of administering 
an antiandrogen and an LHSH agonist or antagonist. 

106. The method of claim 28 further comprising the step of administering 
an antiandrogen and an LHSH agonist or antagonist. 

107. The method of claim 33 further comprising the step of administering- 
an antiandrogen and an LHSH agonist or antagonist. 

108. The method of claim 41 further comprising the step of administering 
an antiandrogen and an LHSH agonist or antagonist. 

109. A kit including a plurality of separate containers, each containing 
at least one active ingredient useful in a combination therapy for 
treatment of benign prostatic hyperplasia, with or without 
additional pharmaceutical carrier or diluent and each container 
containing at least one active ingredient which is not contained in 
any other container in said kit. wherein said active ingredients are 
selected from the group consisting of an inhibitor of 5a-reductase 
activity, an inhibitor of aromatase activity, an inhibitor of 17B- 
hydreacysteroid dehydrogenase activity and an antiestrogen. 
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110. The kit of Claim 109 wherein said kit further comprises at lest one 
separate container containing an active ingredient selected from the 
group consisting of an antiandrogen and an inhibitor of testicular 
hormonal secretion. 

111. A pharmaceutical composition for treatment of benign prostatic 
hyperplasia comprising at least two active ingredients (with or 
without a pharmaceutical diluent or carrier) selected from the group 
consisting of an inhibitor of 5o-reductase activity, an inhibitor of 
aromatase activity, an inhibitor of 170-hydroxysteroid 
dehydrogenase activity and an antiestrogen 

112. The composition of Claim 111 wherein one active ingredient is an 
inhibitor of Sa-reductase. 

113. The composition of Claim 111 wherein one active ingredient is an 
antiestrogen 

114. The composition of Claim 111 wherein one active ingredient is an 
inhib itor of aromatase 

115. The composition of Claim 111 wherein one active ingredient is an 
inhibitor of 17P-hydroxysteroid dehydrogenase 

116. The pharmaceutical composition of Claim 111 further comprising at 
least one active ingredient selected from the group consisting of an 
antiandrogen and an inhibitor of testicular hormonal secretion 
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